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(54) OPTICAL COMPENSATING SHEET, POLARIZING PLATE, AND LIQUID-CRYSTAL DISPLAY 



(57) An optical compensatory sheet comprises a 
cellulose acetate film. The film contains 1 00 weight parts 
of cellulose acetate having an acetic acid content of 59.0 
to 61.5% and 0.01 to 20 weight parts of an aromatic 
compound having at least two aromatic rings. The cel- 
lulose acetate film has an Re retardation value meas- 
ured at 550 nm (Re550) in the range of 0 to 200 nm and 
an Rth retardation value measured at 550 nm (RthSSO) 
in the range of 70 to 400 nm. The cellulose acetate film 
further has a thickness in the range of 1 0 to 70 ^m. The 
optical compensatory sheet is used in a liquid crystal 
display. 
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Description 
[Field of invention] 

10001 ] The present invention relates to an optical compensatory sheet, a polarizing plate and a liquid crvstal disolav 
using the same. j f j 

[Background of invention) 

[0002] A cellulose acetate film is used in various photographic or optical elements because it is tough and has enough 
flame retardant properties. The cellulose acetate film is a representative photographic support. Further, the film is also 
used in a liquid crystal display. The cellulose acetate film has a high optical Isotropy (giving relatively low retardation) 
compared with other polymer films. Accordingly, an optical isotropic film such as a protective film of a polarizina olate 
usually comprises the cellulose acetate film. 'aF'*** 
[0003] On the other hand, an optical compensatory sheet (phase retarder) in a liquid crystal display must have optical 
anisotropy (must give high retardation). Accordingly, a film of synthetic polymer (such as polycarbonate or polysulfone) 
giving high retardation is normally used as the compensatory sheet. In practice, the film otsynthetlcpolymer Is stretched 
to prepare a stretched birefringent film for the optical compensatory sheet. 

[0004] As described above, generally in the technical field of optical elements, the synthetic polymer film is used as 
the element that must have optical anisotropy (must give high retardation), while the cellulose acetate film is used as 
the elemeni that must have optical isotropy (must give low retardation). 

[0005] In contrast, European Patent No. 091 1 656A2 discloses a cellulose acetate film giving such high retardation 
hat It can be used as an optical anisotropic element. A liquid crystal display can give an image of high quality where 
the cellulose acetate film is provided between a polarizing plate and a liquid crystal cell. 

[OOOG] In place of the stretched birefringent film, an optical compensatory sheet comprising a transparent support 
and a thereon provided optically anisotropic layer comprising discotic molecules has been proposed The opttealV 
anisotropic layer is formed through the steps of aligning the discotic molecules and then fixing the alignment The 
discotic molecules give large birefringence and have various alignment fomis. and accordingly an optical compensatory 
Sheet obtained from the discotic molecules has a specific optical characteristic that cannot be obtained f ram the con- 
ventional stretched birefringent film. The optical compensatory sheet comprising discotic molecules is described in 
Japanese Patent Provisional Publication No. S(1994)-214116. US Patent Nos. 5,583,679, 5,646 703 and German Pat- 
ent Publication No. 3,911 ,620A1 . a..uoeimdnrai 

[0007] The optical compensatory sheet is also used in a X/4 plate, which Is widely used in an anti-reflection film or 
fn«no, spite °f "3"^^ °' ^4, most X/4 plates give Xy4 at particular wavelengths 

[0008] Japanese Patent Provisional Publication Nos. 5(1 993)-271 1 8 and 5(1 993)-271 1 9 disclose a A/4 plate in which 
a birefringent film giving high retardation and another birefringent film giving low retardation are laminated so that their 
optical axes may be perpendicularly crossed. If the retardation difference of those films is kept M in the whole visible 
wavelength region, the X/4 plate theoretically gives X/4 in the whole visible wavelength region 
[0009] Japanese Patent Provisional Publication No. 1 0(1 998)-6881 6 discloses a X/4 plate giving X/4 in a wide wave- 
length region. The disclosed X/4 plate comprises laminated two films made of the same polymer, and one of the films 
onfo. ^"^ '^^ ^'"^^ ^ ^' ^^"'^ wavelength. Japanese Patent Provisional Publteation No. 10(1998)- 
90521 also describes another wide-ranging X/4 plate comprising laminated two polymer films. As the polymerfilm used 
in the above disclosed X/4 plates, a stretched film of synthetic polymer such as polycarbonate is used 
[001 0] A liquid crystal display (hereinafter often referred to as LCD) is widely employed instead of CRT (cathode ray 
tube) because of Its small thickness, lightweight, and low power consumption. The liquid ciystal display qenerallv 
compnses a pair of polarizing plates and a liquid crystal cell provided between them. The liquid crystal cell comDrises 
a pair of substrates, rod-like liquid crystal molecules and an electrode layer. The rod-like liquid crystal molecules are 
provided between the substrates, and the electrode layer has a function of applying a voltage to the rod-like liquid 
crystal molecules. On each substrate, an orientation layer is provided to align the rod-like liquid crystal molecules 
them ^ comprises a pair of transparent protective films and a polarizing membrane provided between 

[0011] in the liquid crystal display, an optical compensatory sheet (phase retarder) is often provided between the 
liquid crystal cell and the polarizing plate, to prevent the displayed image from undesirable coloring. The layered com- 
position of the polarizing plate (or polarizing membrane) and the optical compensatory sheet sen/es as an elliptically 
po arming plate. The optical compensatory sheet also often enlarges a viewing angle of the liquid crystal cell As the 
optical compensatory sheet, a stretched birefringent polymer film has been conventionally used 

V7 *'^"s's'°') "^"''^ '^'ys'a' display of TN (twisted nematic) mode (which is widely and mainly 

used), the optical compensatory sheet is provided between the liquid crystal cell and the polarizing plate (in the manner 
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described in Japanese Patent Provisional Publication No. 8(1 996)-50206) to ensure an infiage of high quality. However, 
that liquid crystal display is often made relatively thick. 

[0013] Japanese Patent Provisional Publication No. 1(1989)-68940 discloses another liquid crystal display. In the 
liquid crystal display, the optical compensatory sheet is provided on one surface of the polarizing membrane, and on 

5 the other surface an elliptically polarizing plate having a protective film is provided. That liquid crystal display can be 
made relatively thin, and can give an image with high contrast when seen frontally. However, the optical compensatory 
sheet in the display is often defonned (for example, by heat) to cause phase retardation. If so, when the display gives 
a black image, the transmittance at the peripheral part of the screen so increases that the displayed image is framed 
with leaked light. Thus, the liquid crystal display has insufficient durability 

10 [0014] In order to solve the above problem, Japanese Patent Provisional Publication No. 7(1995)-191217 and Eu- 
ropean Patent No. 0911656A2 disclose another liquid crystal display. In the disclosed display, an optically anisotropic 
layer comprising a discotic compound is provided on a transparent support to form an optical compensatory sheet 
serving as the protective film of the polarizing plate. That liquid crystal display can be made relatively thin, and has 
improved durability. 

'5 [0015] U.S. Patent Nos. 4,583,825 and 5,41 0,422 disclose a liquid crystal display comprising a liquid crystal cell of 
bend alignment mode in which rod-like liquid crystal molecules in upper part and ones in lower part are aligned essen- 
tially in reverse (symmetrically). Since rod-like liquid crystal molecules In upper part and ones In lower part are sym- 
metrically aligned, the liquid crystal cell of bend alignment mode has self-optical compensatory function. Therefore, 
this mode is referred to as OCB (optically compensatory bend) mode. The liquid crystal display of bend alignment 

20 mode has an advantage of responding rapidly. 

[0016] The liquid crystal display of bend alignment mode responds rapidly, and gives a clear image within a wide 
viewing angle, as compared with a generally used display (e.g., a display of TN mode or STN mode). However, in order 
to take the place of CRT, the display of bend alignment mode must be further improved. 

[0017] To improve the display of bend alignment mode, the optical compensatory sheet (which is generally used to 
25 Improve a conventional display) may be used. However, a conventional compensatory sheet of stretched birefringent 
film cannot fully compensate the display of bend alignment mode. 

[001 8] As described above, an optical compensatory sheet comprising a transparent support and a thereon provided 
optically anisotropic layer comprising discotic molecules has been proposed In place of the stretched birefringent film. 
In fact, Japanese Patent Provisional Publication No. 9(1 997)-1 97397 (corresponding to U.S. Patent No. 5,805,253) 
30 and International Patent WO96/37804 (corresponding to European Patent Application No. 07831 28A) disclose a liquid 
crystal display of bend alignment mode equipped with the optical compensatory sheet comprising discotic molecules. 
The compensatory sheet comprising discotic molecules remarkably improves the Viewing angle of bend alignment 
mode display. 

[0019] However, according to Japanese Patent Provisional Publication No. 11(1999)-316378, light at a particular 
35 wavelength often leaks to color the displayed image undesirably if the optical compensatory sheet comprising discotic 
molecules is used in the liquid crystal display of bend alignment mode. The publication reports that this undesired 
coloring is due to wavelength dependence of transmittance of the elliptically polarizing plate (layered composition of 
the polarizing device and the optical compensatory sheet). 

[0020] In the publcation, to avoid the undesired coloring, the polarizing membrane and the optical compensatory 
40 sheet are placed so that the average direction obtained by projecting normal of the disc plane of the discotic molecule 
onto the support may be essentially at the angle of 45° to the polarizing axis in the plane of polarizing membrane. The 
thus-placed optical compensatory sheet fully compensates the liquid crystal cell of bend alignment. 

[Summary of invention] 

45 

[0021] The inventors have found that, in the case where a polarizing plate in which an optical compensatory sheet 
(a cellulose acetate film or a cellulose acetate film having an optically anisotropic layer provided thereon) works as a 
protective film is attached on a large display panel (17 Inches or more), the sheet cannot be fully prevented from 
defonning by heat to increase the transmittance at the peripheral part of the screen (consequently, to framewise leak 

so light). Accordingly, It is necessary for the optical compensatory sheet not only to optically compensate a liquid crystal 
cell but also to have excellent durability against fluctuation of working conditions such as heat and moisture. 
[0022] In the case where an optical compensatory sheet serves as a plate, two polymer films are nonnally lam- 
inated to give XJA in a wide wavelength region. The films, however, must be carefully placed so that the angle between 
them may be strictly controlled. 

55 [0023] Although a plate consisting of one polymer film has been proposed, it hardly gives A/4 in a wide wavelength 
region. Further, even if such single-film Xy4 plate is installed in a liquid crystal display, the viewing angle property is not 
so much improved as expected. On the other hand, if the single-film X/4 plate is installed in a liquid crystal display of 
reflection type, the displayed image has contrast not inferior to an image given by a display equipped with the afore- 
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mentioned Xy4 plate consisting of laminated films. However, when such display of reflection type is used in a mobile 
terminal device (particularly, when used as a large display of the device, for which displays of reflection type are gen- 
erally used), it does not have enough durability against heat In fact, the film of M plate is distorted with heat generated 
by elements of the display (e.g., backlight), and accordingly the retardation value becomes uneven and the slow axis 
changes its direction in the plane of the film. As a result, the transmittance at the peripheral part of the liquid crystal 
cell increases when the display gives a black image, and consequently the displayed Image Is framed with leaked light. 
[0024] A polarizing plate used in a liquid crystal display comprises a pair of transparent protective films and a polar- 
izing membrane provided between them. Therefore, if the aforementioned optical compensatory sheet is laminated on 
the polarizing membrane to fonri an elllptlcally polarizing plate, the compensatory sheet serves as the protective film 
(on one side) of the polarizing membrane. The thus-fomied elliptically polarizing plate has a layered structure in which 
the transparent protective film, the polarizing membrane and the optical compensatory sheet are piled up In this order. 
Since the compensatory sheet replaces one protective film of the polarizing plate, the display can be made thinner and 
lighter. Further, in preparation of that display, the step of assembling the reduced element is omitted and hence troubles 
in assembling can be reduced. 

[0025] In the case where a cellulose acetate film is used as the transparent protective film, it is a problem that the 
cellulose acetate film has poor affinity to the polarizing membrane (normally, which is made of polyvinyl alcohol). Ac- 
tually, there is no adhesive that can strongly bond them together. In Japanese Patent Provisional Publication No. 8 
(1 996)-94838, the transparent protective film is saponified to Improve the affinity to the polarizing membrane. Through 
the saponification of the transparent protective film, ester bonds of cellulose acetate at the surface are partially hydro- 
lyzed and reduced to hydroxy! groups of original cellulose. Since both cellulose and polyvinyl alcohol are polymers 
having hydroxyl groups, they have good affinity. Accordingly, the polarizing membrane and the saponified transparent 
protective film are easily combined. 

[0026] The inventors have studied the polarizing plate comprising the protective film, the polarizing membrane and 
the optical compensatory sheet composed of a saponified cellulose acetate film, piled up in order. As a result, it is 
found that the optical functions of the optical compensatory sheet are impaired as compared with that before the sa- 
ponification. Further, it is also found that the alkaline liquid used for the saponification yellows after the treatment. 
Furthemiore, the inventers have found that there is room for improvement in the adhesion between the cellulose acetate 
film and the polarizing membrane. 

[0027] As described above, a liquid crystal display is equipped with an optical compensatory sheet comprising a 
cellulose acetate film or a cellulose acetate film on which an optically anisotropic layer prepared from a liquid crystal 
compound is provided. In that display, the transmittance at the peripheral part of the screen often Increases. In particular. 
If the display has a large screen, the transmittance at the peripheral part remaricably increases. 
[0028] On the other hand, a cellulose acetate film has poor affinity to other elements (e.g.. polarizing membrane, 
onentation layer), and accordingly the optical compensatory sheet should be improved in durability for practical use.' 
[0029] An object of the present invention is to provide an optical compensatory sheet that can optically compensate 
a liquid crystal cell without leaking light. The optical compensatory sheet aimed in the invention comprises a cellulose 
acetate film or a cellulose acetate film having an optically anisotropic layer provided thereon. 
[0030] Another object of the Invention Is to provide an optical compensatory sheet {m plate) consisting of one cel- 
lulose acetate film and giving "kJA In a wide wavelength region without leaking light. 

[0031] A further object of the invention is to provide an optical compensatory sheet that can optically compensate a 
liquid crystal cell and that excels in adhesion onto a polarizing membrane. 

[0032] A furthermore object of the invention is to provide an optical compensatory sheet whose optical functions are 
essentially not affected by saponification. 

[0033] A still further object of the invention is to provide an excellent (elliptically) polarizing plate that does not leak 
light and that excels In the adhesion. In the aimed polarizing plate, an optical compensatory sheet and a polarizinq 
membrane are unified. 

[0034] A still furthermore object of the invention is to provide a circularly polarizing plate giving circularly polarized 
light in a wide wavelength region without leaking light and without causing troubles in the adhesion. In the aimed 
polanzing plate, a A/4 plate (optical compensatory sheet) and a polarizing membrane are unified. 
[0035] The other object of the invention is to provide a liquid crystal display (particularly, a display having a liquid 
crystal cell of OCB mode) that is optically compensated with an optical compensatory sheet without leaking light. 
[0036] A liquid crystal cell is optically compensated with the optical compensatory sheet comprising a cellulose ac« 
etate film or a cellulose acetate film on which an optically anisotropic layer prepared from a liquid crystal compound is 
provided. According to the inventors' study. If the cellulose acetate film used for the compensatory sheet has a thickness 
in the range of 1 0 to 70 fim, the liquid crystal display is prevented from leaking light. The relation between the thickness 
of the cellulose acetate film and the leakage of light is described after. 

[0037] The present invention provides an optical compensatory sheet comprising a cellulose acetate film which con- 
tains 1 00 weight parts of cellulose acetate having an acetic acid content of 59.0 to 61 .5%, and 0.01 to 20 weight parts 
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of an aromatic compound having at least two aromatic rings, wherein the cellulose acetate film has an Re retardation 
value measured at 550 nm (Re550) in the range of 0 to 200 nm. an Rth retardation value measured at 550 nm (Rth550) 
In the range of 70 to 400 nm, and a thickness in the range of 1 0 to 70 ^m. 

[0038] The retardation values in plane (Re) and in the thickness direction (Rth) of the film are defined by the following 
formulas (I) and (II), respectively. 

(I) Re = (nx-ny)xd 



. (It) Rth = [{(nx+ny)/2}-n2)xd 

[0039] In the formulas (I) and (II), nx is a refractive index along the slow axis (direction giving the maximum refractive 
index) in the plane of the film. 

[0040] In the fomiulas (I) and (II), ny is a refractive index along the fast axis (direction giving the minimum refractive 
index) in the plane of the film. 

[0041] In the formula (II), nz is a refractive index in the thickness direction of the film. 
[0042] In the formulas (I) and (II), d is the thickness of the film in terms of nm. 

[0043] The invention also provides a polarizing plate which comprises a pair of transparent protective films and a 
polarizing membrane provided between the films, one of said transparent protective films comprising a cellulose acetate 
film which contains 100 weight parts of cellulose acetate having an acetic acid content of 59.0 to 61.5% and 0.01 to 
20 weight parts of an aromatic compound having at least two aromatic rings, wherein the cellulose acetate film has an 
Re retardation value measured at 550 nm {Re550) In the range of 0 to 200 nm, an Rth retardation value measured at 
550 nm (Rth550) in the range of 70 to 400 nm, and a thickness in the range of 1 0 to 70 ^.m. 

[0044] The invention further provides a liquid crystal display comprising a pair of polarizing plates and a liquid crystal 
cell provided between the plates, wherein each of the polarizing plates comprises a pair of transparent protective films 
and a polarizing membrane provided between the films, at least one of said transparent protective films placed between 
the cell and the membranes comprising a cellulose acetate film which contains 100 weight parts of cellulose acetate 
having an acetic acid content of 59,0 to 61 .5% and 0.01 to 20 weight parts of an aromatic compound having at least 
two aromatic rings, wherein the cellulose acetate film has an Re retardation value measured at 550 nm (Re550) in the 
range of 0 to 200 nm, an Rth retardation value measured at 550 nm (Rth550) In the range of 70 .to 400 nm, and a 
thickness in the range of 10 to 70 fun. 

[0045] The invention furthermore provides a circulariy polarizing plate which comprises an optical compensatory 

sheet and a linearly polarizing membrane, said compensatory sheet and said linearly polarizing membrane being so 
arranged that a slow axis in plane of the compensatory sheet is oriented essentially at an angle of 45° to a transmission 
axis of the lineariy polarizing plate, said optical compensatory sheet comprising a cellulose acetate film which contains 
1 00 weight parts of cellulose acetate having an acetic acid content of 59.0 to 61 ,5% and 0.01 to 20 weight parts of an 
aromatic compound having at least two aromatic rings, wherein the cellulose acetate film has an Re retardation value 
measured at 550 nm (Re550) in the range of 0 to 200 nm, an Rth retardation value measured at 550 nm (Rth550) in 
the range of 70 to 400 nm, a thickness in the range of 10 to 70 pm, an Re retardation value measured at 450 nm 
{Re450) in the range of 1 00 to 125 nm, and an Re retardation value measured at 590 nm (Re590) in the range of 120 
to 1 60 nm, said Re450 and Re590 values satisfying the condition of Re590-Re450 > 2 nm. 

[0046] The Invention still further provides a liquid crystal display of a reflection type comprising a reflection board, a 
liquid crystal cell and a polarizing membrane in this order, and a cellulose acetate film being provided between said 
reflection board and said polarizing membrane, wherein the cellulose acetate film contains 1 00 weight parts of cellulose 
acetate having an acetic acid content of 59.0 to 61.5% and 0.01 to 20 weight parts of an aromatic compound having 
at least two aromatic rings, said cellulose acetate film having an Re retardation value measured at 550 nm (Re550) in 
the range of 0 to 200 nm, an Rth retardation value rneasured at 550 nm (Rth550) in the range of 70 to 400 nm, a 
thickness in the range of 10 to 70 pm, an Re retardation value measured at 450 nm (Re450) in the range of 100 to 
125 nm, and an Re retardation value measured at 590 nm (Re590) in the range of 120 to 160 nm, said Re450 and 
Re590 values satisfying the condition of Re590-Re450 > 2 nm. 

[0047] The invention stili furthermore provides a liquid crystal display comprising a pair of polarizing plates and a 
liquid crystal cell of bend alignment mode provided between the plates, wherein at least one polarizing plate Is an 
elliptically polarizing plate which comprises a first optically anisotropic layer comprising discotic molecules oriented in 
hybrid alignment, a second optically anisotropic layer comprising at least one cellulose acetate film, and a polarizing 
membrane, said polarizing membrane being arranged as an outermost layer, said first and second optically anisotropic 
layers and said polarizing membrane being so arranged that a direction giving the maximum refractive index in plane 
of the first optically anisotropic layer is oriented essentially at an angle of 45** to a transmission axis In plane of the 
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polarizing membrane and that a direction giving the maximum refractive index in plane of the second optically aniso- 
tropic layer is directed essentially parallel or perpendicular to a transmission axis in plane of the polarizing membrane 
wherein the cellulose acetate film of the second optically anisotropic layer contains 1 00 weight parts of ceHulose acetate 
having an acetic acid content of 59.0 to 61 .5% and 0.01 to 20 weight parts of an aromatic compound having at least 
two aromatic rings, said cellulose acetate film having an Re retardation value measured at 550 nm (Re550) in the 
range of 1 to 20 nm. an Rth retardation value measured at 550 nm (Rth550) in the range of 150 to 300 nm and a 
thickness in the range of 10 to 70 njT». 

[0048] Moreover, the invention provides a liquid ctystal display comprising a pair of polarizing plates and a liquid 
crystal cell of bend alignment mode provided between the plates, wherein at least one polarizing plate is an elliptically 
polarizing plate which comprises a first optically anisotropic layer comprising discotic molecules oriented in hybrid 
alignment, a second optically anisotropic layer comprising at least one cellulose acetate film, and a polarizing mem- 
brane, said polanzing membrane being arranged as an outermost layer, said first and second optically anisotropic 
layers and said polarizing membrane being so arranged that a direction giving the maximum refractive index in plane 
of the first optically anisotropic layer is oriented essentially at an angle of 45° to a transmission axis in plane of the 
polanzing membrane and that a direction giving the maximum refractive Index in plane of the second optically aniso- 
tropic layer is directed essentially parallel to a transmission axis in plane of the polarizing membrane wherein the 
cellulose acetate film of the second optically anisotropic layer contains 100 weight parts of cellulose acetate havlna 
an acetic acid content of 59.0 to 61 .5% and 0.01 to 20 weight parts of an aromatic compound having at least two 
aromatic rings, said cellulose acetate film having an Re retardation value measured at 550 nm (ReSSO) in the range 
of 20 to 1 00 nm. an Rth retardation value measured at 550 nm (Rth550) in the range of 1 50 to 300 nm, and a thickness 
in the range of 1 0 to 70 nm. 

[0049] The thickness of the cellulose acetate film used in the optical compensatory sheet, the kind and the amount 
of the additive (the aromatic compound having at least two aromatic rings) and the production conditions (e g condition 
in stretching the film) are adequately controlled, and thereby the inventors have succeeded In optfcally com'pensatino 
a liquid crystal cell without leaking light. j f a 

[0050] The inventors have also succeeded in providing an optical compensatory sheet {VA plate) giving X/4 in a wide 
wavelength region without leaking light. For the purpose of that, the thickness of cellulose acetate film the kind and 
the amount of the additive (the aromatic compound having at least two aromatic rings) and the production conditions 
(e.g. condition in stretching the film) are adequately controlled. The provided m plate can remarkably improves the 
30 viewing angle of liquid crystal display 

[0051] Further, the invention provides an optical compensatory sheet {M plate) consisting of one cellulose acetate 
fi m and giving m in a wide wavelength, and thereby makes it unnecessary to perform the conventional production 
step in which two polymer films are carefully laminated so that the angle between them may be strictly controlled 
[0052] In the invention, in order to optteally compensate a liquid crystal cell, the cellulose acetate film used for the 
optical compensatory sheet Is made to have an Re retardation value measured at 550 nm (Re550) in the range of 0 
to 200 nm and an Rth retardation value measured at 550 nm (Rth550) in the range of 70 to 400 nm 
[0053] Also in the invention, in order to prevent the transmittance from increasing (to prevent the leakage of light) at 
he peripheral area, the cellulose acetate film used for the optical compensatory sheet Is made to have a thickness In 
the range of 1 0 to 70 pm. A conventional thin cellulose acetate film has such a low Rth value that it cannot fully optically 
compensate a liquid crystal cell. On contrast, however, the cellulose acetate film of the invention contains the additive 
by whK:h thefilm can fully optically compensate a liquid crystal cell in spite of being thin enough to prevent the leakage 
of hght. Since the cellutose acetate film has a thickness in the range of 10 to 70 nm, the leakage of light is avoided 
without impainng treatablity in producing the optical compensatory sheet or in laminating the compensatory sheet onto 
the polanzing membrane. Further, the optical compensatory sheet of the invention is thin enough to reduce both the 
production cost and the thickness of resultant liquid crystal display. 

[0054] A polarizing plate comprises two protective films and a polarizing membrane provided between the films The 
polanzing membrane is a stretched polyvinyl alcohol film adsorbed with iodine or dichromatic dye, and the protective 
fHm generally comprises a cellulose acetate film. If the aforementioned optical compensatory sheet is used as one of 
the protective films, the optical compensatory function is given to the polarizing plate without increasing the element 
Further, If a surface of the cellulose acetate film is saponified to have a surface energy of 55 to 75 mN/m. the adhesion 
o polyvinyl alcohol is enhanced to prepare a polarizing plate excellent in durability. Furthemiore, when the surface of 
the cellulose acetate film is saponified, the saponifying conditions are adequately controlled so that alkaline solution 
used for the saponification may be colored little and so that the saponification may not affect the optical characters of 
the compensatory sheet. 

[0055] If cellulose acetate having an acetic acid content less than 59.0% is used, the aforementioned optical anisot- 
ropy can be easily realized. However, a film of such cellulose acetate has poor properties. In the invention cellulose 
acetate having an acetic acid content of 59.0 to 61 .5% is used, and the above retardation values are achieved by other 
means (by adding the additive, and by controlling the production conditions) to obtain a cellulose acetate film having 
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both aimed optical anisotropy and excellent properties. 

[0056] The aforementioned optical compensatory sheet and a polarizing plate comprising that sheet as a protective 
film can be advantageously used in liquid crystal displays of VA (vertically aligned) mode, OCB (optically compensated 
bend) mode and TN (twisted nematic) mode, and a display of reflection type. 

[0057] The optical compensatory sheet can be. advantageously used in a liquid crystal display of bend alignment 
mode (OCB type). 

[0058] The liquid crystal display of bend alignment mode is equipped with an elliptically polarizing plate in which an 
optically compensatory sheet containing a discotic compound is used. For that optically compensatory sheet, a material 
giving high birefringence (e.g., polycarbonate) has been conventionally used. 

[0059] According to the invention, the polarizing plate used in the display of bend alignment mode is composed of 
a polarizing membrane, an optically anisotropic layer comprising a discotic compound (hereinafter "first optically ani- 
sotropic layer") and at least one cellulose acetate film having particular optical characters (hereinafter "second optically 
anisotropic layer"). 

[0060] The first optically anisotropic layer and the polarizing membrane are placed so that the average direction 
obtained by projecting normal of the disc plane of the discotic compound onto the cellulose acetate film may be es- 
sentially at the angle of 45° to the transmission axis In the plane of polarizing membrane. Further, the second optically 
anisotropic layer and the polarizing membrane are placed so that the slow axis of the second anisotropic layer may 
be essentially parallel or perpendicular to the transmission axis in the plane of polarizing membrane. The display of 
bend alignment mode having that structure gives a completely optically compensated image, and black spots are not 
seen at the corners of the displayed image even if the display is used for a long time. Further, that display of OCB 
mode gives a display without leaking light. 

[0061] In the present specification, the term "essentially parallel" means that the angle between the noticed directions 
is within the range of the strict angle+S'*. This angle allowance is preferably less than ±4°, more preferably less than 
±3°, most preferably less than ±2°. 

[0062] The terms "slow axis" and "transmission axis" mean the directions giving the maximum refractive index and 
the minimum refractive Index, respectively. 

[Brief description of drawing] 

30 [0063] 

Fig. 1 schematically shows the basic structure of a liquid crystal display of reflection type. 

Fig. 2 is a sectional view Illustrating a representative embodiment of the guest-host liquldcrystal display of reflection 

type. 

35 Fig. 3 is a sectional view illustrating another representative embodiment of the guest-host liquid crystal display of 

reflection type. 

Fig. 4 is a sectional view schematically illustrating alignment of liquid crystal molecules in a liquid crystal cell of 
bend alignment mode. 

Fig. 5 schematically shows an elliptically polarizing plate according to the invention. 
^0 Fig. 6 schematically shows a liquid crystal display of bend alignment mode according to the invention. 

Fig. 7 schematically shows mechanism of optical compensation in a liquid crystal display of bend alignment mode. 
Fig. 8 schematically shows various embodiments of the elliptically polarizing plate. 
Fig. 9 schematically shows other embodiments of the elliptically. polarizing plate. 

45 [Detailed description of Invention] 

(Prevention of light leakage) 

[0064] The inventors have studied, and found that the transmittance at the peripheral part of the screen in the liquid 
so crystal display increases to cause frame-like leakage of light by the following two mechanisms. 

[0065] In the first mechanism, the cause is fluctuation of conditions such as heat and moisture under which the liquid 
crystal display works. 

[0066] When used in a liquid crystal display, the optical compensatory sheet Is nonnally fixed on a liquid crystal cell 
with an adhesive. If the display Is exposed to fluctuation of temperature and humidity, the cellulose acetate film used 
55 as the compensatory sheet expands or shrinks. Since the compensatory sheet Is fixed, the expansion or shrinkage is 
repressed to cause internal stress in the film. The stress Induces birefringence in the film (photoelastic effect) to change 
the optical character, and as a result the film leaks light. 

[0067] In the second mechanism, the cause is thermal unevenness In the plane of the compensatory sheet. The 
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thermal unevenness is given by, for example, backlight In the liquid crystal display, and it induces distortion of the film 
Consequently, the optical character is changed in the above manner to leak light 

[0068] Further, the inventors have found that a film of hydroxyl group^ontaining polymer such as cellulose acetate 
IS particularly affected by fluctuation of working conditions. 

[0069] In orderto prevent the sheet from leaking light, the compensatory sheet is made to change the optical character 
little and further to keep themial evenness. 

[0070] The inventors have found that the change of optical character relates to the thickness, the photoelastic coef- 
hcient the virtual distortion caused by fluctuation of working conditions, and the elasticity of the compensatory sheet 
Therefore, in orderto remarkably reduce the leakage of light, the compensatory sheet is made to be thin to have a 
low photoelastic coefficient, to be distorted little by fluctuation of working conditions, and to have a small modulus of 
elasticity^ Further, if the compensatory sheet has a high themial conductivity, heat in the sheet is evenly distributed to 
reduce the leakage of light. 

[0071] According to the study of the inventors, it is particularly effective in preventing the leakage of light to make 
J! T Z^^ acetate «lm thin enough. The transmittance relates to the product of birefringence and the thickness of 
the U\m (the product indicates phase retardation). In fact, the transmittance increases with the increase of the phase 
retardation. Accordingly, If the cellulose acetate film is made thin enough, small phase retardation is realized even if 
birefnngence Is generated in the same degree. Consequently, the thin cellulose acetate film leduces the increase of 
transmittance at the peripheral part of the screen. However, if the Aim Is too thin, other troubles such as impairment of 
handling treatablity come up. 

[0072] In consideration of balance between the prevention of light leakage and the handling treatablity in producing 
he optical compensatory sheet, the thckness of the cellulose acetate film is determined as follows 
[0073] In the invention, the cellulose acetate film used as the optical compensatory sheet is made to have a thickness 

30 to 5o"k^ ° ^' ^'"^""^^ P'^'^'^^'y '«"9« 20 to 60 ^m. more preferably in the range of 

[0074] The cellulose acetate film preferably has a thermal conductivity of 1 w/(m-K) or more 

[0075] In order to reduce the virtual distortion, It is preferred that the cellulose acetate film be biaxially stretched to 

ol 30?tn- p?T'"' °' "'"^ "'"'^^ ''^^^ ^ '"^'^^^e ^''Pan^io" ^o.mciem 

?0x lO-5 /%RH oMeir^' ""^'^'"'^ expansion coefficient is preferably 15x10-5 /%RH or less, more preferably 

[0076] The cellulose acetate film preferably has a photoelastic coefficient of 1 .ox 1 o-s cm2/Kg or less 

[0077] The cellulose acetate film has a modulus of elasticity preferably in the range of 3.000 MPa or less more 

preferably in the range of 2.500 Mpa or less. 

(Retaradtion of film) 

EL IT "^'"^^ f"^"* ^'^^^ ^""^ in the thickness direction (Rth) of the film are defined by the following 

Tormulas (I) and (II), respectively: ^ 



(I) Re = (nx-ny) x d 
(H) Rth = [{(nx+ny)/2)-nz] x d. 

[nnfT In '"""f ^'^ ^"'^ ^ '^''^"''"^ '"^^^ giving the minimum refractive 

inaex) in the plane of the film. 

[0081] In the fomiula (II), nz is a refractive index in the thickness direction of the film 
[0082] In the formulas (I) and (II). d is the thickness of the film in teims of nm 

fn!Jf L J" ^''^ «f "o«« ""^ retardation value measured at 550 nm {Re550) is controlled 

70 to 4oJ nm ™' "'^^'"'^'^ ^«"9« »' 

SfitS nJ.'S%°i!!r^' '^"Tf;^ ^''^^ the cellulose acetate film, the Re retaliation value measured 

at 550 nm (Re550) is controlled preferably in the range of 20 to 70 nm 

!.™!1h 'th ^h«^« o' «he cellulose acetate film having an optically anisotropic layer 

provided thereon, the Re retardation value measured at 550 nm (Re550) is controlled preferably in the range of 0 to 
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[0086] If one optical compensatory sheet is used In the liquid crystal display, the Rth retardation value of the cellulose 
acetate film measured at 550 nm (Rth550) is controlled preferably in the range of 150 to 400 nm. 
[0087] If two optical compensatory sheets are used In the liquid crystal display, the Rth retardation value of the 
cellulose acetate film measured at 550 nm (Rth550) is controlled preferably In the range of 70 to 250 nm, more preferably 
5 in the range of 70 to 200 nm. 

[0088] The cellulose acetate film has a birefringent index (An: nx-ny) measured at 550 nm preferably in the range 
of 0.00028 to 0.020, more preferably in the range of 0.00196 to 0,01375, further preferably in the range of 0.001 68 to 
0.006875, most preferably In the range of 0.00275 to 0.00458. The birefringent Index in the thickness direction {(nx+ny) 
/2-n2) measured at 550 nm is preferably In the range of 0.001 to 0.04. 

10 

(7JA plate) 

[0089] In the case where the optical compensatory sheet consisting of the cellulose acetate film is used as a 
plate, the film is controlled to have an Re retardation value measured at 450 nm (Re450) in the range of 100 to 125 
f5 nm and another Re retardation value measured at 590 nm {Re590) in the range of 120 to 1 60 nm. These Re retardation 
values satisfy preferably the condition of Re590-Re450 > 2 nm, more preferably the condition of Re590-Re450 > 5 nm, 
most preferably the condition of Re590-Re450 > 10 nm. 

[0090] The Re retardation value measured at 450 nm (Re450) Is preferably in the range of 1 08 to 1 25 nm, the Re 
retardation value measured at 550 nm (Re550) is preferably In the range of 125 to 142 nm, the Re retardation value 
20 measured at 590 nm (Re590) is preferably in the range of 130 to 152 nm, and the Re550 and Re590 values satisfy 
preferably the condition of Re590-Re550 > 2 nm, more preferably the condition of Re590-Re550 > 5 nm, most preferably 
the condition of Re590-Re550 > 10 nm. Further, ReSSO and Re450 values preferably satisfy the condition of 
Re550-Re450> 10 nm. 

[0091 ] It is also preferred that the "kJA plate (optical compensatory sheet) of the invention singly satisfy the condition of: 

25 

1 < (nx-nz)/(nx-ny) < 2 

in which nx is a refractive Index parallel to the slow axis in the plane of the plate, ny is a refractive Index perpendicular 
30 to the slow axis in the plane of the plate, and nz is a refractive index in the thickness direction. 

[0092] The cellulose acetate film having the above optical characters can be made of cellulose acetate containing 
the retardation-increasing agent described after. 

[0093] The retardation values and its wavelength dependence of the cellulose acetate film can be controlled by (1 ) 
adjusting the composition (particularly, average acetic acid content) of cellulose acetate, (2) adjusting the kind and the 
35 amount of retardation increasing agent, and (3) adjusting the thickness of the film. In particular, by means of the above 
(2), a phase retardercan be made of cellulose acetate, which has been conventionally known as an optically, isotropic 
material. 

[0094] The cellulose acetate film having the aforementioned optical characters can be prepared from the following 
materials In the manner described below. 

40 

(Cellulose acetate) 

[0095] In the invention, cellulose acetate having an acetic acid content of 59.0 to 61,5% is used. The acetic acid 
content is preferably in the range of 59.5 to 61 .3%. 
45 [0096] The term "acetic acid content" means the amount of combined acetic acid per one unit weight of cellulose. 
The acetic acid content Is determined according to ASTM: D-817-91 (tests of cellulose acetate). 
[0097] The cellulose acetate has a viscosity average polymerization degree (DP) of preferably 250 or more, more 
preferably 290 or more. 

[0098] Further, it is also preferred for the cellulose acetate used in the invention to have a narrow molecular weight 
so distribution of Mw/Mn (Mw and Mn are weight and number average molecular weights, respectively) determined by 
gel permeation chromatography The value of Mw/Mn is preferably In the range of 1.0 to 1.7, more preferably In the 
range of 1 .3 to 1 .65, most preferably in the range of 1 .4 to 1 .6. 

[0099] In the cellulose acetate used in the invention, the substitution degree at 6-position is preferably high, in detail 
0.88 or more. The substitution degree at 6-posrtion is preferably 32% or more, more preferably 33% or more, most 
55 preferably 34% or more, based on the total substitution degree at 2-, 3- and 6-posltions. 

[0100] tf cellulose acetate is prepared by a normal method, the acetyl substitution degree at 2- or 3-position is larger 
than that at 6-position. Therefore, conditions for the synthesis must be particularly controlled to make the substitution 
degree at 6-position higher (0,88 or more. 32% or more of the total substitution degree). 
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[01 01 ] It is preferred to reduce the amount of sulfuric acid catalyst used in the acetylatidn reaction and accordingly 
to continue the reaction for a long time. If the sulfuric acid catalyst is used in a large amount, the reaction proceeds 
fast. In that case, however, sulfuric ester is formed with cellulose in a large amount according to the amount of ttie 
catalyst. The fomied ester is liberated to produce remaining hydroxy! groups after the reaction. Since the 6-position is 
highly reactive, the sulfuric ester is much fomied at the 6-position. Consequently, a large amount of sulfuric acid catalyst 
reduces the acetyl substitution degree at 6-position. Therefore, in order to synthesize the cellulose acetate having a 
high substitution degree at 6-position. the sulfuric acid catalyst must be used in as a small amount as possible and 
the reaction time must be lengthened to make up for slowdown of the reaction rate. 

[0102J The acetyl substitution degrees at 2-, 3- and 6-position can be measured by means of 13C-NMR after the 
cellulose acetate is propionylated. The measurement of substitution degree is described in detail in Tezuka et al 
Caibohydr. Res., 273(1995), 83-91. 

[01 03] The cellulose acetate having a high substitution degree at 6-position is described in Japanese Patent Provi- 
sional No. 11(1999)-5851 (Synthesis Examples 1 to 3). 

(Retardation-increasing agent) 

[01 04] An aromatic compound having at least two aromatic rings is used as a retardation-increasing agent for con- 
trolling the retardation of the cellulose acetate film. 

[0105] The aromatic compound is added in an amount of 0.01 to 20 weight parts, preferably in an amount of 0 05 to 
15 weight parts, more preferably in an amount of 0.1 to 1 0 weight parts, based on 1 00 weight parts of cellulose acetate 
Two or more aromatic compounds may be used in combination. 

[0106] In the present invention, "an aromatic ring" means not only an aromatic hydrocarbon ring but also an aromatfc 

heterocyclic ring. 

[0107] As the aromatic hydrocarbon ring, a six-membered ring (namely, a benzene ring) is particularly preferred 
[01 08] The aromatic heterocyclic ring is generally unsaturated. The aromatic heterocyclic ring is preferably a five- 
six- or seven-membered ring, and more preferably a five- or six-membered ring. The aromatic heterocyclic ring gen- 
erally has double bonds as many as possible. The heteroatom in the ring preferably is nitrogen atom, sulfur atom or 
oxygen atom, and more preferably is nitrogen atom. Examples of the aromatic heterocyclic ring include furan ring 
thiophene nng. pyrrole ring, oxazole ring, isoxazole ring, thiazole ring, isothiazole ring, imidazole ring pyrazole ring' 
furazane ring, triazole ring, pyran ring, pyridine ring, pyridazine ring, pyrimidine ring, pyrazine ring and 1,3 5-triazine 
ring. 

[01 09] Preferred aromatic rings are benzene ring, furan ring, thiophene ring, pyrrole ring, oxazole ring, thiazole ring 
imidazole nng, tnazole ring, pyridine ring, pyrimidine ring, pytazine ring and 1 ,3.5-triazlne ring. Benzene ring and 
1 ,3,5-triazine nng are more preferred 

[0110] The aromatic compound preferably contains at least one 1.3,5-triazine ring. 

[01 1 1 ] The n umber of aromatic rings in the aromatic compound is preferably in the range of 2 to 20 more preferably 
in the range of 2 to 1 2, further preferably in the range of 2 to 8, and most preferably in the range of 2 to 6 
[01 1 2] The relation of the two or more aromatic rings Is categorized into three cases, namely 

(a) the case in which the aromatic rings form a condensed ring, 

(b) the case in which the aromatic rings are connected through'a single bond, and 

(c) the case in which the aromatic rings are connected through a linking group'. In the case (c). a spiro-bond is not 
formed because the rings are aromatic. 

[0113] The relation of the aromatic rings may be any of the cases (a) to (c). 

[01 1 4] Examples of the condensed ring in the case (a) include indene ring, naphthalene ring, azulene ring fluorene 
ring, phenanthrene ring, anthracene ring, acenaphthylene ring, biphenylene ring, naphthacene ring, pyrene ring indole 
ring, isoindole nng. benzofuran ring, benzothiophene ring, indolizine ring, benzoxazole ring, benzothiazole ring ben- 
zimidazole nng. benzotriazole ring, purine ring, indazole ring, chromene ring, quinoline ring, isoquinoline ring quino- 
lEine nng. quinazoline ring, cinnoline ring, quinoxaline ring, phthalazine ring, pteridine ring, carbazole ring, acridine 
nng. phenanthndme ring, xanthene ring, phenazine ring, phenothiazine ring, phenoxthine ring, phenoxazine ring and 
thianthrene nng. Preferred are naphthalene ring, azulene ring, indole ring, benzoxazole ring, benzothiazole ring ben- 
zimidazole ring, benztriazole ring and quinoline ring. 

[0115] The single bond in the case (b) is preferably between carbon atoms of the two aromatic rings. Two or more 
single bonds may connect the two aromatic rings to form an aliphatic ring or a non-aromatk: ring between them 
0116] The linking group in the case (c) is also preferably between cartDon atoms of the two aromatic rings The 
linking group is preferably an alkylene group, an alkenylene group, an alkynylene group -CO- -O- -NH- -S- and a 
combination thereof. r. . . , a 
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25 



[01 1 7] Examples of the linking group formed by the combination are shown below. In each of the following exannples, 
the right and left terminals may be reversed. 

c1: -CO-O- 

5 c2: -CO-NH" 

c3: -alkylene-0- 

C4: -NH-CO-NH- 

c5: -NH-CO-0- 

c6: -0-CO-O- 

'0 c7: -0-alkylene-O' 

c8: -CO-alkenylene- 

c9: -CO-alkenylene-NH- 

c10: -CO-alkenylene-0- 

c1 1 : -alkylene-CO-O-alkylene-O-CO-alkylene- 

'5 c1 2: -O-alkylene-CO-O-alkylene-O-CO-alkylene-O- 

c13: -0-CO-alkylene-CO-O- 

c1 4: -NH-CO-alkenylene- 

c1 5: -0-CO-alkenylene- 

20 [01 1 8] The aromatic ring and the linking group may have substituent groups. 

[01 1 9] Examples of the substituent group include halogen atoms (F, CI, Br, I) , hydroxy], carboxyl, cyano, amino, nitro, 
sulfo, carbamoyl, sulfamoyi, ureido, an alkyi group, an alkenyl group, an alkynyl group, an aliphatic acyl group, an 
aliphatic acyloxy group, an alkoxy group, an alkoxycarbonyl group, an alkoxycarbonylamino group, an alkylthio group, 
an alkylsulfonyl group, an aliphatic amide group, an aliphatic sulfoneamide group, an aliphatic substituted amine group, 
an aliphatic substituted carbamoyl group, an aliphatic substituted sulfamoyi group, an aliphatic substituted ureido group 
and a non-aromatic heterocyclic group. 
[0120] The alkyI group preferably has 1 to 8 carbon atoms. A chain alkyI group is preferred to a cyclic one, and a 
straight chain alkyI group is particularly preferred. The alkyI group may further have a substituent group (e.g., hydroxyl, 
carboxyl, an alkoxy group, an alkyl-substituted amino group). Examples of the (substituted) alkyI group Include methyl, 
30 ethyl, n-butyl. n-hexyl, 2-hydroxyethyl, 4-carboxy butyl. 2-methoxyethyl and 2-diethylaminoethyl.. 

[0121] The alkenyl group preferably has 2 to 8 carbon atoms. A chain alkenyl group is preferred to a cyclic one, and 
a straight chain alkenyl group is particularly preferred. The alkenyl group may further have a substituent group. Exam- 
ples of the alkenyl group include vinyl, allyl and 1 -hexenyl. 

[0122] The alkynyl group preferably has 2 to 8 carbon atoms. A chain alkynyl group Is preferred to a cyclic one, and 
35 a straight chain alkynyl group is particularly preferred. The alkynyl group may further have a substituent group. Exam- 
ples of the alkynyl group include ethynyl, 1 -butynyl and 1 -hexynyl. 

[0123] The aliphatic acyl group preferably has 1 to 1 0 carbon atoms. Examples of the aliphatic acyl group Include 
acetyl, propanoyl and butanoyl. 

[0124] The aliphatic acyloxy group preferably has 1 to 10 carbon atoms. Examples of the aliphatic acyloxy group 
^0 Include acetoxy. 

[0125] The alkoxy group preferably has 1 to 8 carbon atoms. The alkoxy group may further have a substituent group 
(e.g., another alkoxy group). Examples of the (substituted) alkoxy group Include methoxy, ethoxy, butoxy and methox- 
yethoxy. 

[01 26] The alkoxycarbonyl group preferably has 2 to 1 0 carbon atoms. Examples of the alkoxycarbonyl group include 
45 methoxycarbonyl and elhoxycarbonyl. 

[01 27] The alkoxycarbonylamino group preferably has 2 to 1 0 carbon atoms. Examples of the alkoxycarbonylamino 
group include methoxycarbonylamino and ethoxycarbonylamino. 

[01 28] The alkylthio group preferably has 1 to 12 carbon atoms. Examples of the alkylthio group Include methylthio, 
ethylthio and octylthio. 

so [0129] The alkylsulfonyl group preferably has 1 to 8 carbon atoms. Examples of the alkylsulfonyl group include meth- 
anesulfonyl and ethanesulfonyl. 

[0130] The aliphatic amide group preferably has 1 to 10 carbon atoms. Examples of the aliphatic amide group include 
acetoamide 

[01 31 ] The aliphatic sulfoneamide group preferably has 1 to 8 carbon atoms. Examples of the aliphatic sulfoneamide 
55 group include methanesulfoneamlde, butanesulfoneamide and n-octanesulfoneamlde. 

[0132] The aliphatic substituted amine group preferably has 1 to 10 carbon atoms. Examples of the aliphatic substi- 
tuted amine group Include dimethylamino, diethylamino and 2-carboxyethyl amino. 

[0133] The aliphatic substituted carbamoyl group preferably has 2 to 10 carbon atoms. Examples of the aliphatic 
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substituted carbamoyl group include methylcarbamoyl and diethylcarbamoyl. 

[01 34] The aliphatic substituted sulfamoyi group preferably has 1 to 8 carbon atoms. Examples of the aliphatic sub- 
strtuted sulfamoyi group include methylsulfamoyi and diethylsutfamoyl. 

[01 35] The aliphatic substituted ureido group preferably has 2 to 1 0 carbon atoms. Examples of the aliphatic substi- 
tuted ureido group include methylureido. 

[0136] Examples of the non-aromatic heterocyclic group include piperidino and morpholino. 
[0137] The retardation increasing agent has a molecular weight of 300 to 800. 

[0138] The retardation increasing agent has a boiling point of 260''C or more. The boiling point can be measured bv 
means of a commercially available apparatus (e.g., TG/DTA100. Seiko Electronics Co.. Ltd.). 
[01 39] Concrete examples of the retardation-increasing agent are described in Japanese Patent Provisional Publi- 
cation Nos. 2000-1 1 1 91 4. 2000-275434 and PCT/JP 00/0261 9. 

(Infrared absorter) 

'5 [01 40] An infrared absorber can be added to the cellulose acetate film, to adjust the retardation value at each wave- 

ici iQin . 

[0141] The amount of the infrared absorber is preferably In the range of 0.01 to 5 weight parts, more preferably In 
the range of 0.02 to 2 weight parts, further preferably In the range of 0.05 to 1 weight part, and most preferably in the 

rangeofO.1 to 0.5 weight parts, based on 1 00 weight parts of cellulose acetate. Two or more infrared absorbers may 
be used in combination. ' 

[0142] The Infrared absorber shows the maximum absorption preferably in the waveiengtl^ region of 750 to 1 100 
nm, more preferably in the wavelength region of 800 to 1 ,000 nm. it is also preferred for the infrared absorber to flave 
essentially no absorption in the visible wavelength region. 

[0143] As the Infrared absorber, an infrared absoiting dye or pigment is preferred. An infrared absorbinq dye is 
^5 particularly preferred. " " 

[01 44] The infrared absorbing dyes include organic compounds and inorganic ones. Organic infrared absorbing dyes ' 
are preferred. Examples of the organic infrared absorbing dyes include cyanine compounds, metal chelate compounds 
aminium compounds, dilmmonium compounds, quinone compounds, squarilium compounds and methine compounds' 
The infrared absorbing dyes are described In "Shiklzai (color material) [written in Japanese]", 61(4). pp 215-226 (1 988) 

30 and"KagakutoKogyo(chemistryandlndustry [wrlttenlnJapaneseJ", 43-53(1986, May). 

[01 45] In view of infrared absorbance and absorption spectnjm, infrared absorbing dyes developed in the field of 
silver halide photographic photosensitive material are preferred. Examples of the infrared absorbing dyes developed 
in he field of silver haiide photographic photosensitive material Include dihydroperimldlne squarilium dye (described 
in U.S. Patent No. 5.380,635 and Japanese Patent Application No. 8(1996)-189817), cyanine dye (described in Jap- 

35 anese Patent Provisional Publication Nos. 62(1 987)-1 23454, 3(1991)-138640, 3(1 991 )-21 1542 3(1991).226736 5 
n !o« ^"'^ 6(1994)-43583, Japanese Patent Application No. 7(1995)-269097 and European Patent No 

0 430,244), pyrylium dye (described In Japanese Patent Provisional Publication Nos. 3(1991)-138640 and 3(1991)- 
21 542), diimmonium dye (described in Japanese Patent Provisional Publication Nos. 3(1991)-138640 and 3(1991)- 
211542), pyrazolopyridone dye (described in Japanese Patent Provisional Publication No 2(1990)-282244) In- 
doaniline dye (described In Japanese Patent Provisional Publication Nos, 5(1993)-323500 and 5(1993)-323501) 
polymethine dye (described in Japanese Patent Provisional Publication Nos. 3(1 991 )-26765 and 4(1 992)-1 90343 and 
European Patent No. 0,377,961 ), oxonol dye (described in Japanese Patent Provisional Publication No 3(1 991 )-9346) 
anthraquinone dye (described in Japanese Patent Provisional Publication No. 4(1992)-13654), naphthalocyanine dye 
(described in U.S. Patent No. 5.009.989). and naphtholactum dye (described in European Patent No. 0,568.267). • 

(Production of cellulose acetate film) 

[01 46] The cellulose acetate film is preferably prepared according to a solvent cast method. As the solvent an organic 
so vent « preferably used. The solvent cast method comprises the steps of dissolving cellulose acetate in'an organic 
solvent to prepare a solution (dope) and casting the dope to prepare a film. 

[0147] The organic solvent is preferably selected from the group consisting of an ether having 3 to 1 2 cartjon atoms ' 
a ketone having 3 to 1 2 cartoon atoms, an ester having 3 tol 2 cartson atoms and a halogenated hydrocart)on having 

1 to 6 carbon atoms. ^ 

,1!"! "^^""^ ^"'^ ""^^ ^ '^"^ A «>"V«>und having two or more functional groups 

IT' -°-);. '^^'''^^ (-CO-) and ester (-COO-) can be also used as the organic solvent. The organic soK^ent can have 
another functional group such as alcoholic hydroxyl. In the case where the organic solvent has two or more of the 
fram th °' ""^ ^'""'^ " "^""^'^ ^ compound having one optionally selected 
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[01 49] Examples of the ether having 3 to 1 2 carbon atoms include dilsopropyl ether, dinfiethoxymethane, 1 ,4-dioxane, 
1 ,3-dloxolane, tetrahydrofuran, anisole and phenetol. 

[0150] Examples of the ketone having 3 to 12 carbon atom include acetone, methyl ethyl ketone, diethyl ketone, 
diisobutyl ketone, cyclohexanone and methylcyclohexanone. 
5 [0151] Examples of the ester having 3 to 12 carbon atoms include ethyl formate, propyl formate, pentyl fomnate, 
methyl acetate, ethyl acetate, and pentyl acetate. 

[0152] Examples of the compounds having two or more kinds of functional groups include 2-ethoxyethyl acetate, 
. 2-methoxyethanol and 2-butoxyethanol. 
[0153] The halogenated hydrocarbon has preferably one or two carbon atoms, more preferably one carbon atom. 
^0 The halogen atom of the halogenated hydrocarbon is preferably chlorine. The ratio of hydrogen substituted with halogen 
is preferably in the range of 25 to 75 mol.%, more preferably in the range of 30 to 70 mol.%, further preferably in the 
range of 35 to 65 mol.7o, and most preferably in the range of 40 to 60 mol.%. Methylene chloride is a representative 
halogenated hydrocarbon. 

[0154] Two or more organic solvents can be used In combination. 
75 [01 55] A cellulose acetate solution can be prepared according to a conventional method. The conventional method 
means that the solution is prepared at a temperature of not lower than 0°C (room temperature or elevated temperature). 
The preparation of the solution can be conducted by means of a process and apparatus used in a conventional solvent 
cast method. The conventional method preferably uses a halogenated hydrocarbon (particularly methylene chloride) 
as an organic solvent. 

20 [01 56] The amount of cellulose acetate Is so adjustedthat a prepared solution contains cellulose acetate in an amount 
of 10 to 40 wt.%. The amount of cellulose acetate is more preferably 10 to 30 wt.%. An optional additive (described 
below) can be added to an organic (main) solvent. 

[0157] The solution can be prepared by stirring cellulose acetate and an organic solvent at an ordinary temperature 
(0 to 40°C). A solution of high concentration may be prepared by stirring them at an elevated temperature under a high 

25 pressure. In that case, cellulose acetate and the organic solvent are placed in a closed vessel, and are stirred at an 
elevated temperature under a high pressure. The temperature is set to be higher than the boiling point at atmospheric 
pressure but lower than the boiling point of the solvent at the high pressure. Accordingly, the heating temperature Is 
normally not lower than 40°C, preferably in the range of 60 to 200*'C, and more preferably in the range of. 80 to 110°C. 
[01 58] The components can be preliminary dispersed coarsely, and the coarse dispersion can be placed in the vessel, 

30 Otherwise, the components can be also Introduced Into the vessel In series. The vessel should be equipped with a 
stirring device. A pressure in the vessel can be formed by introducing an inert gas such as nitrogen gas into the vessel, 
or by heating and evaporating the solvent to increase the vapor pressure. Othen/vise, the components can be added 
to the vessel at a high pressure after the vessel Is sealed. 

[0159] The vessel is preferably heated from the outside. For example, the vessel can be heated with a jacket type 
35 heating apparatus. Othenwise, liquid heated with a plate heater placed outside of the vessel may be circulated through 
a pipe wound around the vessel, to heat the whole vessel. 

[01 60] The mixture is preferably stirred with a propeller mixer provided in the vessel. The wing of the propeller pref- 
erably has a length reaching the inside wall of the vessel. Further, at the tip of the wing, a scratching mean is provided 
to scratch and renew the mixture attached on the inside wall. 
40 [0161] In the vessel, various meters such as pressure gauge and thermometer may be provided. The components 
are dissolved in the solvent in the vessel. The thus-prepared dope may be cooled and then taken out of the vessel, or 
may be taken out and then cooled with a heat exchanger. 

[0162] The solution can be also prepared according to a cooling dissolution method. According to the cooling dis- 
solution method, cellulose acetate can be dissolved even In organic solvents in which cellulose acetate cannot be 
45 dissolved according to a conventional method. Further, according to the method, cellulose acetate can be rapidly and 
homogeneously dissolved In an organic solvent in which cellulose acetate can be dissolved by a conventional process. 
[01 63] First in the process of cooling dissolution method, the polymer is gradually added with stirring into an organic 
solvent at room temperature. 

[0164] The amount of the polymer in the mixture is preferably in the range of 10 to 40 wt.%, more preferably in the 
50 range of 1 0 to 30 wt.%. Various additives described below may be added In the mixture. 

[0165] At the next stage, the prepared mixture is cooled to a temperature of -1 00 to -10°C, preferably -80 to -1 0*'C, 
more preferably -50 to -20°C, most preferably -50 to -30'*C. The cooling procedure can be carried out, for example, 
with dry ice-methanol bath {-75*»C) or with cooled ethylene glycol solution (-30 to -aO^C). Through the cooling procedure, 
the mixture is solidified. 

55 [01 66] The cooling rate Is preferably 4«C/mlnute or more, more preferably 8*»C/minute or more, and most preferably 
1 2*»C/minute or more. The cooling rate is preferably as fast as possible. However, a theoretical upper limit of the cooling 
rate is lO.OOO'C per second, a technical upper limit is 1,000°C per second, and a practical upper limit is 100°C per 
second. The cooling rate means the change of temperature at the cooling step per the tinrie taken to complete the 
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cooling step. The change of temperature means the difference between the temperature at which the cooling step is 
started and the temperature at which the cooling step is completed. 

[01 67] The cooled mixture is then warmed to a temperature of 0 to 200°C. preferably 0 to 1 SCC. more preferably 0 
to 1 20*'C. most preferably 0 to 50'C. Through the warming procedure, the polymer is dissolved in the organic solvent. 
For warming, the mixture may be left at room temperature or may be heated in a warm bath. 
[0168] The wamning rate is 4°C/minute or more, more preferably 8°C/minute or more, and most preferably 12''C/ 
minute or more. The wamiing rate is preferably as fast as possible. However, a theoretical upper limit of the warming 
rate is 10,000°C per second, a technical upper limit is 1 ,000'»C per second, and a practical upper limit is 100<»C per 
second. The warming rate means the change of temperature at the warming step per the time taken to complete the 
wamiing step. The change of temperature means the difference between the temperature at which the warming step 
is started and the temperature at which the warming step is completed. 

[0169] Thus, a homogeneous solution can be prepared. If the polymer is not sufficiently dissolved, the cooling and 
warming procedures may be repeated. It can be judged by obsewation with the eyes whether the polymer is sufficiently 
dissolved or not. 

[0170] In the process of cooling dissolution method, a sealed vessel is preferably used to prevent contamination of 
water, which may be caused by dew condensation at the cooling step. Further, the mixture may be cooled under a 
reduced pressure so that the time taken to complete the cooling step can be shortened, and hence a vessel resisting 
pressure is preferably used to conduct the procedures under a reduced pressure. 

[0171] According to differential scanning calorimetric measurement (DSC), a 20 wt.% solution prepared by dissolving 
cellulose acetate (acetlc.acid content: 60.9%, viscosity average polymerization degree: 299) in methyl acetate through 
the cooling dissolution process has a pseudo-phase transition point between gel and sol at about 33»C. Below that 
temperature, the solution is in the form of homogeneous gel. The solution, therefore, must be kept at a temperature 
above the pseudo-phase transition point, preferably at a temperature higher than the pseudo-phase transition point 
by about ICC. The pseudo-phase transition point depends upon various conditions such as the organic solvent, the 
acetic acid content, the viscosity average polymerization degree and the concentration of cellulose acetate. 
[0172] The polymer film is formed from the prepared polymer solution (dope) according to the solvent cast method. 
[01 73] The dope is cast on a drum or a band, and the solvent is evaporated to fomi a film. The solid content of the 
dope is preferably controlled in the range of 18 to 35%. The surface of the drum or band Is preferably beforehand 
polished to be a mirror. The casting and drying steps of the solvent cast method are described in U S Patent Nos 
2.336.310,2.367.603. 2.492.078. 2.492.977. 2.492.978. 2.607.704, 2.739.069, 2.739,070, British Patent Nos. 640.731 ' 
736.892, Japanese Patent Publication Nos. 45(1970)-4554, 49(1974)-5614. Japanese Patent Provisional Publication 
Nos. 60(1 985)-1 76834, 60(1 985)-203430 and 62(1 987)-11 5035. 

[0174] The surface temperature of the drum or band is preferably 10"C or below. After cast on the drum or band, 
the dope is blown with air for 2 seconds or more to dry. Theformed film is then peeled, and blown with hot air whose 
temperature is successively changed from 1 00°C to 1 eo-'C in order to evaporate remaining solvent. This procedure is 
described in Japanese Patent Publication No. 5(1 993)-1 7844. The procedure can shorten the time taken to complete 
the steps of casting to peeling. For performing the procedure, the cast dope must gel at the surface temperature of the 
drum or band. 

[0175] From the prepared dope, two or more layers can be formed according to the simultaneous casting (coK:asting) 
method. Also in that case, the cellulose acetate film is preferably produced according to the solvent cast method. The 
dope is cast on a dmm or a band, and the solvent is evaporated to fonn a film. The solid content of the dope is preferably 
controlled in the range of 1 0 to 40%. The surface of the drum or band is preferably beforehand polished to be a mirror. 
[01 76] In the case where two or more cellulose acetate solutions are used, the solutions may be cast from nozzles 
provided at intervals in the transferring direction of the support to form a layered film. This method is described in, for 
example, Japanese Patent Provisional Publication Nos. 61 (1 986)-1 5841 4. 1 (1 989)-1 2241 9 and 1 1 (1 999)-1 98285. The 
solutions may be simultaneously cast from two nozzles to form a layered film. This method is described in, for example 
Japanese Patent Publication No. 60(1 985)-27562, Japanese Patent Provisional Publication Nos 61 (1 986)-94724 61 
(1986)-947245, 61 (1986)-1 04813, 61 (1 986)-158413 and 6(1 994H 34933. 

[0177] Further, the method described in Japanese Patent Provisional Publication No. 56(1 981 )-1 6261 7 can be also 
adopted. In that method, a highly viscous cellulose acetate solution is enclosed with a low viscous one, and then the 
thus-combined solutions are simultaneously extnjded and cast. 

[0178] Furthermore, the method described in. for example, Japanese Patent Publication No. 44(1969)-20235 may 
be adopted. In the method, a film is beforehand formed from a solution extruded out of one of two nozzles. After the 
formed film is peeled and reversely placed on the support, another solution is extruded from the other nozzle to cast 
onto the film (on the surface having faced to the support) to form a layered film. 

[0179] The cellulose acetate solutions may be the same or different from each other. If some functional layers are 
to be fonmed, each cellulose acetate solution corresponding to each function may be extruded from each nozzle 
Further, the cellulose acetate solution of the invention may be cast simultaneously with other dopes for other functional 
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layers (e.g., adhesive layer, dye layer, antistatic layer, antlhalation layer, ultraviolet layer, polarizing layer. 
[0180] In the case where a thick film having a single layer is fonned by the conventional solvent cast method, it is 
necessary to extrude a dope of high concentration and high viscosity. That dope is generally so unstable that solid 
particles are often deposited, and that the formed film often has poor evenness. If the viscous dope is extruded slmul- 
5 taneously from plural nozzles onto the support, a thicl< film having excellent evenness can be prepared. Further, since 
the thick dope is rapidly dried; the film can be rapidly produced. 

[0181] A plasticizer can be added to the cellulose acetate film to improve the mechanical strength. The plasticizer 
has another function of shortening the time for the drying process. Phosphoric esters and carboxylic esters are normally 
used as the plasticizer. Examples of the phosphoric esters include triphenyl phosphate (TPP) and tricresyl phosphate 

10 (TCP). Examples of the carboxylic esters include phthalic esters and citric esters. Examples of the phthalic esters 
Include dimethyl phthalate (DMP), diethyl phthalate (DEP), dibutyl phthalate (DBP), dioctyl phthalate (DOP), diphenyl 
phthalate (DPP) and diethylhexyl phthalate (DEHP). Examples of the citric esters include triethyl o-acetylcitrate 
(OACTE) and tributyl o-acetylcitrate (OACTB). Examples of the other carboxylic esters include butyl oleate, methyl- 
acetyl ricinoleate, dibutyl sebacate and various trimellitic esters. Phthalic ester plasticizers (DMP, DEP, DBP, DOP, 

'5 DPP, DEHP) are preferred. Further, DEP and DPP are particularly preferred. 

[0182] The amount of the plasticizer Is preferably in the range of 0.1 to 25 wt.7o, more preferably in the range of 1 
to 20 wt%, and most preferably in the range of 3 to 1 5 wt.% based on the amount of cellulose acetate. 
[0183] Deterioration Inhibitors (e.g., anti-oxidlzing agent, peroxide decomposer radical Inhibitor, metal inactivating 
agent, oxygen scavenger, amine) can be incorporated into the cellulose acetate film. The deterioration inhibitors are 

20 described in Japanese Patent Provisional Publication Nos. 3(1 991 )-1 99201 , 5(1 993)-1 907073, 5(1 993)-1 94789, 5 
(1 993)-271471 and 6(1 994)-1 07854. The deterioration inhibitor is preferably added in the range of 0.01 to 1 wt.%, and 
more preferably in the range of 0.01 to 0.2 wt.% based on the amount of the prepared solution (dope). If the amount 
is less than 0.01 wt.%, the effect of the deterioration Inhibitor cannot be expected. If the amount is more than 1 wt.%, 
the inhibitor would bleed out on the surface of the film. Butyrated hydroxytoluene (BHT) and tribenzylamine (TBA) are 

25 particularly preferred deterioration Inhibitors. 

(Polyesterurethane) 

[0184] The cellulose acetate film preferably contains polyesterurethane to Improve the mechanical characters. The 
30 polyesterurethane Is preferably prepared from isocyanate and the polyester represented by the following formula (1), 
and is further preferably soluble in dichloromethane. 

(1) H-(-0-(CH2)q-OOC-(CH2)^-CO)„-0-(CH2)q-OH 

35 

In the fomnula, q is an integer of 2 to 4. m is an integer of 2 to 4, and n is an integer of 1 to 1 00. 
[0185] The structuring polyester consists of a glycol part and a dibasic acid part. The glycol part is derived from 
ethylene glycol, 1,3-propanedlol or 1 ,4-butanediol. The dibasic acid part Is derived from succinic acid, glutamic acid 
or adipic acid. The polyester has hydroxyls at both terminals. The polymerization degree n is In the range of 1 to 100, 
<o and the prefen-ed degree depends upon the used glycol and dibasic acid. The polyester preferably has a molecular 
weight In the range of 1 ,000 to 4,500. 

[01 86] The polyesterurethane resin soluble in dichloromethane is prepared by the reaction between isocyanate and 
the polyester represented by the above fonnula (1), and generally has a repeating unit represented by the following 
formula (2). 

45 

(2) C0NH-R-NHC0-(-O-(CH2)q-00C-{CH2)„-CO)„-O-(CH2)q-O-)- 

[01 87] In the fonnula, q is an integer of 2 to 4, m is an integer of 2 to 4, n is an integer of 1 to 1 00, and R is a divalent 
so atomic group residue. 

[01 88] Examples of the divalent atomic group residue are shown below. 
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[0189] Examples of the isocyanate used for preparing the polyesterurethane resin include polymethylenedilsocy- 
anate (general fomnula: OCN(CH2)pNCO in which p is an integer of 2 to 8) such as ethylene diisocyanate. trimethylene 
diisocyanate. tetrannethylene diisocyanate and hexamethylene diisocyanate; aromatic diisocyanate such as p-phe- 
nylene diisocyanate, tolylene diisocyanate, p,p'-diphenylmethane diisocyanate and 1 ,5-naphthylene diisocyanate; and 
m-xylene diisocyanate. Those examples by no means restrict the invention. Tolylene diisocyanate, m-xylene diisocy- 
anate and tetramethylene diisocyanate are prefen-ed because they are easily obtained and stable enough to treat. 
Further, they have excellent compatibility with cellulose acetate when they turn into polyurethane, 
[0190] The molecular weight of the polyesteairethane resin Is preferably In the range of 2,000 to 50,000. and Is 
optionally selected according to the kind and the molecular weight of the structuring polyesters and linking dilsocy- 
anates. The molecular weight is further preferably in the range of 5,000 to 15,000 because the polyesterurethane resin 
having that molecular weight Improves mechanical characters, of the resultant film and has good compatibility with 
cellulose acetate. 

[0191] The polyesterurethane resin soluble in dichloromethane can be easily prepared through the steps of mixing . 
isocyanate and the polyesterdlols of the fomnula (1). and heating and stimng the mixture. 

[01 92] The polyesters represented by the fomiula (1 ) can be easily prepared through the thermal fusion condensation 
with polyesterlfying or ester-exchanging reaction between corresponding bibasic acids (or alkyi esters thereof) and 
glycols, or through the interlacial condensation between acid chlorides thereof and glycols. In the reactions, the con- 
ditions are controlled so that the resultant polyester has hydroxyls at the terminal position. 

[0193] The dichloromethane-soluble polyesterurethane resin used in the invention has excellent compatibility with 
cellulose acetate having an acetic acid content of 58% or more. In fact. 200 weight parts of the polyesterurethane 
having a molecular weight of 10.000 or less is miscible even with 100 weight parts of acetyl cellulose, although its 
compatibility slightly depends upon the resin structure. 

[01 94] Accordingly, in the case where the polyesterurethane resin is incorporated In the cellulose acetate to improve 

the mechanical characters of the resultant film, the content of polyesterurethane Is properly determined according to 

the kind and molecular weight of the urethane resin and to the aimed mechanical characters. 

[01 95] If the mechanical characters are to be improved with the properties of cellulose acetate maintained the content 

of the polyesterurethane resin is preferably in the range of 0. 1 to 30 weight parts based on 1 00 weight parts of cellulose 

acetate. 
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[0196] The polyesterurethane resin is stable enough not to be decomposed at 180°C or below. Since this dichlo- 
romethane-soluble polyesterurethane resin has excellent compatibility with cellulose acetate having an acetic add 
content of 58% or more, a highly transparent film can be formed from the mixtu re thereof. Further, having a high average 
molecular weight, the polyesterurethane evaporates little even at high temperature while a conventional low molecular- 
weight plasticizer easily vaporizes. Accordingly, a film prepared from the mixture of the polyesterurethane and the 
cellulose acetate causes less trouble (such as evaporation and migration of plasticizer) than known films containing 
conventional plasticizers. 

[0197] The polyesterurethane enhances the bending and tearing strengths of the cellulose acetate film at high and 
low temperatures, and accordingly the film is hardly broken. Hitherto, for enhancing the mechanical strengths, low 
molecular-weight plasticizer has been conventionally used. However, although the conventional method improves the 
film durability to a certain degree under the conditions of room temperature and high humidity, it cannot fully prevent 
the film from losing flexibility under the conditions of low temperature and high humidity. Even If much amount of low 
molecular-weight plasticizer is used for the purpose of improving the mechanical characters, the mechanical characters 
are actually remarkably impaired. 

[0198] The cellulose acetate containing the dichloromethane-soluble polyesterurethane resin has tensile strength 
impaired a little according to the content of the resin. However, the degree of impairment is relatively small as compared 
with the case where low molecular-weight plasticizer is used. On the other hand, with respect to bending strength, a 
film made of the cellulose acetate containing the polyesterurethane resin Is as strong as one without plasticizer. Further, 
the polyesterurethane resin prevents the plasticizer from migration at low and high temperatures, and hence gives a 
flexible, transparent and glossy cellulose acetate film that hardly adheres to other films. 

(Highly thermo-conductive particles) 

[0199] The cellulose acetate film preferably has a thermal conductivity of 1 W/(m-K) or more . The thermal conductivity 
is preferably as high as possible, but is generally 10 W/(m.K) or less if the film is prepared in the following manner 
[0200] For controlling the thermal conductivity of cellulose acetate film, highly thermo-conductive particles are pref- 
erably added into the dope for preparing the film. Further, on a surface of the cellulose acetate film, athenno-conductive 
layer containing highly themio-conductive particles may be provided to control the thennal conductivity. A polymer 
containing highly thermo-conductive particles may be co-cast with cellulose acetate, or may be applied on the cellulose 
acetate film to form the thermo-conductive layer ' > 

[0201] Examples of the highly thermo-conductive particles include particles of aluminum nitride, silicon nitride, boron 
nitride, magnesium nitride, silicon carbide, aluminum oxide, zinc oxide, magnesium oxide, carbon, diamond and metals. 
The particles are preferably transparent not to deteriorate transparency of the film. 

[0202] The amount of themno-conductive particles is preferably in the range of 5 to 100 weight parts based on 1 00 
weight parts of cellulose acetate. If it is less than 5 weigh parts, the thermal conductivity is insufficiently improved. On 
the other hand, if the amount is more than 1 00 weight parts, it is difficult to form the film and the resultant film is fragile. 
[0203] The highly thermo-conductive particles have an average particle size of preferably 0.05 to 80 jim, more pref- 
erably 0.01 to 1 0 pim. The particles may be spherical or needlelike. 

[0204] In the invention, the thermal conductivity of cellulose acetate film is measured in the following manner 
[0205] First, a sample film is placed between a copper heater case and a copper plate in TO-3 type hater, and is 
pressed by 1 0%. The film is then kept for 4 minutes while the copper heater case is electrified at 5 W, and the temper- 
ature difference between the case and the plate is measured. From the obtained date, the thennal conductivity is 
calculated according to the formula: 

thermal conductivity {W/(m-K)) = {electric power (W) x 
thickness (m)}/{temperature difference (K) x measured area 

(Stretching of cellulose acetate film) 

[0206] The cellulose acetate film is preferably stretched to control the retardation and to reduce the virtual distortion. 
Since the virtual distortion is reduced In the stretching direction, it is preferred to stretch the film biaxially to reduce the 
distortion in all directions in the film plane. 

[0207] The stretching ratio is preferably in the range of 3 to 100%. 

[0208] The biaxial stretching may be carried out simultaneously or successively. In consideration of continuous pro- 
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duction, the film is preferably subjected to successive biaxial stretching. The film formed from the cast dope Is peeled 
laSly stretched ^""^ """^ '°"g"'«^'"a"y stretched. It may be first longitudinally and then 

ol?' ..^f,'^^®"^' s»^^»'=f""9 is carried out in the manner described in, for example, Japanese Patent Provisional 
Pubhcahon Nos. 62(1987)-115035, 4(1992)-152125, 4(1992)-284211 , 4(1992)-298310 and 11(1 999)-48271 The film 
IS stretched at room temperature or elevated temperature. The temperature is preferably not higher than glass transition 
temperature of the film. The film can be stretched under dry condition, and this fact is advantageous particularly in the 
case where the solvent remains in the film. For stretching the film longitudinally, rollers conveying the film are for 
example, controlled so that the speed of peeling the film may be slower than that of winding the film. On the oiher 
hand, for stretching the film laterally, the film may be conveyed while tensed laterally with a tenter to widen gradually 
Further. It IS also possible to stretch the film with a stretching machine (preferabfy, uniaxially with a long stretching 
machine . The stretching ratio (ratio of gained length per original length) is preferably In the range of 5 to 50% more 
preferably in the range of 1 0 to 40%, most preferably In the range of 1 5 to 35% 

[0210] The steps of casting to post-drying may be carried out under air atmosphere or inert gas (e.g., nitrogen qas) 
atmosphere. The cellulose acetate film of the invention can be wound up by means of a generally used winding machine 
according to the constant tension method, the constant torque method, the taper tension method or the programmed 
tension control method with constant internal stress. y «|"||bo 

(Moisture expansion coefficient) 

[0211] When humidity is changed with the temperature not changed, the film generally expands. A moisture expan- 
sion coefficient indicates the gained length of the expanded film. 

[021 2] In order to prevent the transmittance at the peripheral part of the screen from increasing, the moisture expan- 
io 5 " ^'^^'^"'^ ^° 10-5 /%RH or less, more preferably 16X10-5 /"/.rh or less, most preferably 10 x 

1 no "moisture expansion coefficient is preferably as small as possible, but is normally 1 0 x 10-5 / 

^^H or more. 

[0213] . The moisture expansion coefficient is measured in the following manner. 

[0214] The prepared polymer film (phase retarder) is cut into ten pieces (5 mm x 20 mm). One end of each piece 
was fixed, and a weight of 0.5 g is suspended from the other end. The hanging piece is left under the conditions of the 

TT l T '"'"''"^ °' ^°*'''°"" <^°) ' ° '^'^ 'ength (Lo) is measured 

The humidity B then changed to 80%RH (R,) while the temperature is kept 25"C, and the length (L°) is measured' 
From the obtained date, the moisture expansion coefficient is calculated according to the following fomiula. With respect 
to the ten pieces, the measurement is repeated and the obtained values are averaged. 

Moisture expansion coefficient [/%RH] 
= {(Li-Lo)/Lo)/(R,-Ro) 

[0215] The less free volume a polymer film has. the less its dimension changes. The free volume greatly depends 
changes ^ ^^"'aining solvent used In fomiing the film. The less the solvent remains, the less the dimension 

[021 6] For reducing the remaining solvent, the film is generally dried at a-high temperature for a long time. However 
nrll " P'°''"'=^'^*^ "«'"^«l'y ''"paired. Accordingly, the amount of the remaining solvent is 

Ige o' aoVt^t^os'wti '° ' °' ° ° P^^'^'^^'y 

[02171 If the amount of remaining solvent is property controlled, a polarizing plate having optical compensatory tunc- . 
tion can be produced at small cost with high productivity. 

^21 8] Further, a compound having hydrophobic groups is preferably incorporated to reduce the dimensional change. 
T>,e compound having hydrophobic groups is not particularty restricted as long as it contains hydrophobic groups such 

th/Slnn K K?^ ^.-"S' ""* " "'^'^'^'''y '^'^^^ '^^^''''^^^ ^""^^ the plasticizer and 

lh!,tt SppT H ^'l^'''^* Preferred examples of the compound include triphenyl phos- 

phate (TPP) and tribenzylamine (TBA). ^ / K""» 

[021 9] The amount of the compound having hydrophobic groups is preferably in the range of 0.01 lo 1 0 wt % more 

L°dS„i«H?„^r""I °' 'T"'"^ '°"!f '""^"'^'^ a «=«rtain amount of the sample 
.s dissolved m chlorofom,. The prepared solution Is then measured through a gas chromatography (GC1 BA. Shimacfau 
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Seisakusho Ltd.). 

[0221] In the solvent cast method, a film Is formed from a solution (dope) containing polymer material dissolved in 
solvent. The film is then dried while it is on the drum (or band) and while it is conveyed, as described below. The film 
on the drum (or band) is preferably dried slowly at a temperature below the boiling point of the solvent (if it is above 
5 the boiling point, bubbles are formed). The film being conveyed is dried at a temperature preferably in the range of the 
glass transition point ±30*C, more preferably In the range of the glass transition point ±20'»C. 

(Surface treatment of cellulose acetate film) 

10 [0222] The cellulose acetate film is preferably subjected to surface treatment. Examples of the surface treatment 
include saponification treatment, plasma treatment, flame treatment and ultraviolet (UV) treatment. The saponification 
treatment includes acid saponification treatment and alkali saponification treatment. The plasma treatment includes 
glow discharge treatment and corona discharge treatment. Further, an undercoating layer is preferably provided as 
described in Japanese Patent Provisional Publication No. 7(1 995)-333433. 

[0223] The film after the surface treatment has a surface energy of preferably 55 mN/m or more, more preferably in 
the range of 60 to 75 mN/m. If such cellulose acetate film is used as the transparent protective film of the polarizing 
plate, the adhesion between the film and the polarizing membrane is improved. In the case where an optically aniso- 
tropic layer is formed on the cellulose acetate film. It has been hitherto necessary to provide a gelatin undercoating 
layer for ensuring the adhesion between the cellulose acetate film and the orientation layer. However, if the cellulose 
20 acetate film having a surface energy of 55 to 75 mN/m is used, the gelatin undercoating layer can be omitted. In order 
to keep the planeness of the film, the film is preferably kept at a temperature below the glass transition point (Tg), 
namely at a temperature of not more than 150**C. 

[0224] In the case where the optical compensatory sheet Is used as the transparent protective film of the polarizing 
plate, the cellulose acetate film Is preferably subjected to acid or alkali saponification treatment for improving adhesion 

25 to the polarizing membrane. 

[0225] The surface energy can be measured by the contact angle method, the wet heating method or the adsorption 
method, which are described in "The basic theory and application of wetting (written in Japanese)", published by Realize 
Co.. Ltd, 1989. The contact angle method is prefenred. In that method, two solutions having known surface energies 
are dropped onto the cellulose acetate film. The contact angle of each drop is measured, and the surface energy of 

30 the film is calculated from the measured contact angles. The contact angle is. by definition, an angle (including the 
drop) between the film surface and the tangent of the drop surface at the crossing point. The alkaline saponification 
treatment preferably comprises the steps of immersing the cellulose acetate film in an alkaline solution, neutralizing 
the film with an acidic solution, washing with water and drying. Examples of the alkaline solution include aqueous 
solutions of potassium hydroxide and sodium hydroxide. The nonnality of hydroxyl ion in the alkali solution is preferably 

35 In the range of 0.1 to 3.0 N, more preferably in the range of 0.5 to 2.0 N. The alkaline solution is kept at a temperature 
preferably in the range of room temperature to 90°C, more preferably in the range of 40 to 70° C. 
[0226] The alkali is preferably an alkali metal hydroxide such as potassium hydroxide and sodium hydroxide. The 
alkaline solution preferably has a pH value of 10 or more. It is prefen-ed to Immerse only the film surface facing to the 
polarizing membrane, but both surfaces of the cellulose acetate film may be immersed. The time for Immersing is 

40 preferably in the range of 1 to 300 seconds, more preferably in the range of 5 to 240 seconds. The temperature for the 
saponification reaction is preferably In the range of 25 to 70°C, more preferably in the range of 35 to 60°C. After 
immersed in the alkaline solution, the film is preferably washed with water. 

[0227] In the case where only one surface is subjected to the alkaline saponification treatment, It Is preferably washed 
with water after the alkaline solution is applied. In this case, the solvent of the alkaline solution preferably does not 
45 swell the cellulose acetate film, and hence Is preferably an alcohol (e.g., IsopropanoL butanol). Further, a mixture 
containing other solvents (such as propylene glycol and water) for Improving coating characters and alkali solubility 

may be used as the solvent. 

[0228] The Re550 of the thus treated cellulose acetate film is changed through the above saponification by 3 nm or 
less. Further, the above saponification does not yellow the alkaline solution. 

50 [0229] The corona discharge treatment comprises the steps of applying high voltage between a roll of dielectrics 
and an electrode connecting to a high voltage generator, and placing or moving the cellulose acetate film in corona 
discharge generated between the roll and the electrode. In the present specification, the frequency of the high voltage 
applied between the roll and the electrode is referred to as "discharge frequency". The corona discharge treatment Is 
easily carried out under air atmosphere, but It may be done in a processing container filled with gas other than air or 

55 filled with air-contaminated gas while the container is sealed or semi-sealed. Examples of the gas include nitrogen 
gas, argon gas and oxygen gas. 

[0230] The discharge frequency is normally in the range of 50 Hz to 5,000 kHz. preferably in the range of 5 to several 
hundreds kHz. If it is too low, the discharge is so unstable that the resultant film has many pinholes. On the other hand. 
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If it is too high, the treatment costs a lot because an apparatus for impedance matching must be used additionally. 
[0231] For nonnally improving the wettability, the cellulose acetate film is subjected to corona discharge treatment 
preferably in an amount of 0.001 to 5 kV-A-minute/mS. more preferably In an amount of 0.01 to 1 kV-A minute/mS. The 
gap between the roll and the electrode Is preferably In the range of 0.5 to 2.5 mm. more preferably in the range of 1 0 
to 2.0 mm. 

[0232] The glow discharge treatment comprises the steps of applying high voltage between a pair of (or more) elec- 
trodes under low-pressured gas atmosphere, and placing or moving the cellulose acetate film in glow discharqe qen- 
erated between the electrodes. » w 

[0233] The gas pressure Is normally in the range of 0.005 to 20 Torr. preferably in the range of 0.02 to 2 Torr If it is 
too low, the surface treatment cannot give an effect. On the other hand, if it is too high, excess cun-ent flows to spark 
or to destroy the film. For causing the discharge, the voltage is applied between a pair of (or more) metal plates or rods 
in a vacuum tank. The voltage depends upon the gas and its pressure, but is normally In the range of 500 to 5 000 V 
to cause stable stationary glow discharge In the above pressure range. In order to improve the adhesion it is preferably 
in the range of 2,000 to 4.000 V. The discharge frequency is generally in the range of 0 (direct current) to several 
thousands MHz, preferably In the range of 50 Hz to 20 MHz. The cellulose acetate film is subjected to glow discharge 
treatment preferably in an amount of 0.01 to 5 kV-A-minute/mS, more preferably in an amount of 0.15 to 1 kV-A-minute/ 
. m2, to obtain desired adhesion strength. 
[0234] In the ultraviolet (UV) treatment, the cellulose acetate film is exposed to ultraviolet rays. If the film surface 
may be heated to about 150«C in consideration of film characters, a high pressure mercury lamp (main wavelength' 
365 nm) is usable as a light source. If the film must be treated at a low temperature, a low pressure mercury lamp 
(mam wavelength: 254 nm) is preferably used. Other light sources such as high and low pressure mercury lamps of 
ozone-less type may be used. The more amount of UV light the film is exposed to, the more the adhesion is improved 
However, if exposed to too much amount of UV light, the film is colored and mechanically weakened. Accordingly if 
the high pressure mercury lamp (main wavelength: 365 nm) is used, the exposed amount is preferably in the range of 
20 to 10.000 mJ/cm2, more preferably in the range of 50 to 2,000 mJ/cm2 If the low pressure mercury lamp (main 
wavelength: 254 nm) is used, it is preferably In the range of 100 to 10,000 mJ/cm2. more preferably In the ranae of 
300 to 1 ,500 mJ/cm2. ^ 

(Optical compensatory sheet comprising optically anisotropic layer) 

[0235] An optically anisotropic layer prepared from a liquid crystal compound is provided on the cellulose acetate 
film to produce the optical compensatory sheet of the invention. Preferably, an orientation layer is provided between 
the cellulose acetate film and the optically anisotropic layer provided thereon. The orientation layer aligns molecules 
of the liquid crystal compound in a certain direction, and hence it is indispensable for the Invention. After the molecules 
are aligned with the orientation layer, they may be fixed with the alignment maintained. If so, since the orientation layer 
already accomp lished its work, the optical compensatory sheet does not need to comprise the orientation layer In fact 
the optically anisotropic layer containing the aligned and fixed liquid crystal molecules can be alone transferred (without 
the onentation layer) onto the cellulose acetate film, to prepare an optical compensatory sheet, 

(Orientation layer) 

[0236] The orientation layer has a function of giving an orientation direction of the liquid crystal molecules Preferred 
examples of the orientation layer include a layer of an organic compound (preferably polymer) subjected to rubbing 
treatment, an obliquely deposited layer of an inorganic compound, and a layer having micro grooves Further a built- 
up film formed according to Langmulr-Blodgett technique (LB technique) fmm (o-tricosanoic acid, dloctadecyidlmeth- 
ylammonlumchlonde or methyl stearate can be used as the orientation layer. In addition, a layer prepared by orienting 
dielectric materials by application of electric field or magnetic field can be employed as the orientation layer. 
[0237] The orientation layer is preferably made of a polymer subjected to rubbing treatment. As the polymer polyvinyl 
alcohol e preferred. Particulariy. denatured polyvinyl alcohol having hydrophobic groups is preferred. The orientation 
layer can be prepared from only one polymer. However, for preparing the orientation layer, a layer made of two 
crosslinked polymers Is subjected to rubbing treatment. At least one of the two polymers is preferably crosslinkable by 
Itself or with a crossllnking agent. The polymers which originally have functional groups or to which functional groups 
are introduced are reacted with light, heat or pH variation to form the orientation layer; or otherwise linking groups are 
introduced by a reactive crossllnking agent Into the polymers so that the polymers can be crosslinked to form the 
onentation layer. 

(0238] In a normal process, a coating liquid containing the polymers and. if needed, the crossllnking agent is applied 
on the cellulose acetate film, and then heated to induce the crossllnking reaction. The reaction may be caused at any 
stage from the step of coating the film with the coating liquid to the step of producing the resultant sheet 
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[0239] In consideration of orientation of the liquid crystal molecules (in the optically anisotropic layer) on the orien- 
tation layer, the crosslinking reaction Is preferably caused sufficiently after the molecules are aligned. 
[0240] Generally, the coating liquid is applied, heated and dried to fomri the orientation layer on the cellulose acetate 
film. In that process, the liquid is preferably heated at such a low temperature that the molecules are fully crossllnked 
at stage of heating. 

[0241 ] Polymers crosslinkable either by itself or with crosslinking agents can be used. Some polymers are crosslink- 
able both by itself and with crosslinking agents. Examples of the polymers include polymethyl methacrylate, acrylic 
acld/methacrylic acid copolymer styrene/maleinimide copolymer, polyvinyl alcohol and denatured polyvinyl alcohol, 
poly(N-methylolacrylamide), styrene/vlnyltoluene copolymer, chlorosulfonated polyethylene, nitrocellulose, polyvinyl 
chloride, chlorinated polyolefin, polyester, polyimide, vinyl acetate/vinyl chloride copolymer, ethylene/vinyl acetate co- 
polymer, carboxymethyl cellulose, polyethylene, polypropylene, polycarbonate, and organic substances such as silan 
coupling agents. 

[0242] Preferred examples are water-soluble polymers such as poly(N-methylolacrylamide), carboxymethylcellu- 
lose, gelatin, polyvinyl alcohol and denatured polyvinyl alcohol. Gelatin, polyvinyl alcohol and denatured polyvinyl al- 
cohol are particularly preferred, and polyvinyl alcohol and denatured polyvinyl alcohol are further preferred. 
[0243] It is most preferred to use two kinds of polyvinyl alcohols or denatured polyvinyl alcohols having different 
polymerization degrees. 

[0244] The saponification degree of the polyvinyl alcohol Is in the range of 70 to 1 00%, preferably In the range of 80 
lo 1 00%, more preferably in the range of 85 to 95%. The polymerization degree is preferably In the range of 1 00 to 3,000. 
[0245] Examples of the denatured polyvinyl alcohol include polyvinyl alcohols denatured by copolymerization. by 
chain transfer and by block polymerization. Examples of the denaturing group in the copolymerization include COONa, 
Si{0X)3, N(CH3)3.CI. CgH^gCOO, SOgNa and C^2H25. Examples of the denaturing group in the chain transfer Include 
COONa, SH and 0^2^25- Examples of the denaturing group in the block polymerization include COOH, CONH2, COOR 
and CgHg. 

[0246] Non-denatured or denatured polyvinyl alcohols having saponification degrees of 80 to 100% are preferred, 
and those having saponification degrees of 85 to 95% are further preferred. 

[0247] The denatured polyvinyl alcohol is preferably a product of reaction between polyvinyl alcohol and the com- 
pound represented by the following fomiula. Hereinafter, such denatured polyvinyl alcohol is referred to as "the par- 
ticular denatured polyvinyl alcohol". 



.OR 



I 



35 x-a>-(CH=cH)p— 



in which R1 is an alkyi group, an acryloylalkyi group, a methacryloylalkyi group or an epoxyalkyi group; W is a halogen 
40 atom, an alkyI group or an alkoxy group; X is an atomic group required to form an active ester, an acid anhydride or a 
acid halide; p is 0 or 1 ; and n is an integer of 0 to 4. 

[0248] The denatured polyvinyl alcohol is more preferably a product of reaction between polyvinyl alcohol and the 
compound represented by the following fomnula: 



45 



50 



55 




O— (CH2)m"0-C0— CH=CH2 



in which is an atomic group required to form an active ester, an acid anhydride or a acid halide; and m is an integer 
of 2 to 24. 

[0249] The polyvinyl alcohol reacted with the compound represented by the above formulas are the aforementioned 
non-denatured polyvinyl alcohols or polyvinyl alcohols denatured by copolymerization, by chain transfer or by block 
polymerization. Preferred examples of the particular denatured polyvinyl alcohol are described in Japanese Patent 
Provisional Publication No. 9(1 997)-1 52509. 

[0250] With respect to the polyvinyl alcohol, Japanese Patent Provisional Publication No. 8(1 996)-33891 3 describes 
the synthesis, the measurement of visible absorption spectrum and how to determine the amount of Introduced dena- 
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turing groups. 

[0251] Examples of the crosslinking agent include aldehydes, (e.g.. formaldehyde, glyoxal, glutaraldehyde) N-meth- 
ylol compounds (e.g., dimethylol urea, methyloldimethylhydantoln), dioxane derivatives (e.g., 2,3-dlhydroxydioxane) 
compounds that works when the carboxylic group is activated (e.g.. carbenium, 2-naphthalenesulfonate. 1 1-bispyr- 
rolidino-1-chloropyndinium. 1 -morpholinocart)onyl-3-(sulfonatoaminomethyl), active vinyl compounds (e g 1 3 5-tria- 
cr/loyl-hexahydro-s-triazine. bls-(vinylsulfone)methane, N,N'-methylenebis-{p-vinylsulfonyl]propionamide) 'active hal- 
ogen compounds (e.g., 2,4-dichloro-6-hydroxy-s-triazine), isooxazoles and dialdehyde starch. Two or more crosslink- 
ing agents may be used in combination. 

[0252] They are used together with preferably water-soluble polymer, more preferably polyvinyl alcohol or denatured 
polyvinyl alcohol (including the above particular polyvinyl alcohol). Reactive aldehydes are preferred, and glutaralde- 
hyde is particularly preferred in consideration of productivity. 

[0253] The amount of the crosslinking agent is not particularly restricted. The more the crosslinking agent is added 
the more the durability against moisture is improved. However, if the amount of crosslinking agent is 50 wt % or more 
per the amount of the polymer, the resultant orientation layer poorV aligns the molecules. Accordingly, the amount of 
crosslinking agent is preferably in the range of 0.1 to 20 wt.%, more preferably in the range of 0.5 to 15 wt % based 
on the amount of the polymer. Even after the crosslinking reaction is completed, the obtained orientation layer contains 
non-reacted crosslinking agent a little. The amount of the non-reacted crosslinking agent remaining in the orientation 
layer Is preferably not more than 1 .0 wt.%. more preferably not more than 0.5 wt.% based on the amount of the orien- 
tation layer. If the layer contains the non-reacted agent in an amount of more than 1 .0 wt.%, the layer has poor durability 
A liquid crystal display comprising such orientation layer often suffers troubles of reticulation if used for a lonq time or 
left under hot and humid condition. 

[0254] The orientation layer can be formed by the steps of coating the cellulose acetate film with a coating liquid 
containing the above polymer and (if needed' the crosslinking agent, heating to dry and crosslink the applied polymer 
and subjecting the formed layer to rubbing treatment. The crosslinking reaction maybe caused at any step after applyina 
the coating liquid. f r / » 

[0255] In the case where a water-soluble polymer such as polyvinyl alcohol is used, the coating solution is preferably 
prepared from a mixed solvent of water and an organic solvent having defoaming character (e.g.. methanol) The ratio 
of water/methanol is normally in the range of 0:100 to 99:1. preferably in the range of 0:100 to 91 9 Because of 
defoaming character of the organic solvent, defects on the orientation layer are remarkably decreased, and accordinqlv 
the optically anisotropic layer has an improved surface. 

[0256] As the coating method, known methods such as spin coating, dip coating, curtain coating, extrusion coating 
bar coating and E type coating can be adopted. The E type-coating method is particularly preferred 
[0257] The thickness of the layer is preferably in the range of 0.1 to 10 ^m. The applied layer can be dried at a 
HnT?^"^*"'^ °^ ^° *° ^"^"^'"9 sufficient crosslinking, the temperature is preferably in the range of 60 to 

1 00 C. more preferably in the range of 80 to 1 00-C. The time for drying is in the range of 1 minute to 36 hours, preferably 
in the range of 5 minute to 30 minutes. The pH is also preferably adjusted at an optimal value according to the used 
crosslinking agent. If glutaraldehyde is used as the crosslinking agent, the pH is preferably in the range of 4 5 to 5 5 
more preferably at 5.0. '"j.a, 

[0258] The orientation layer is provided on the cellulose acetate film or an undercoating layer After the above-de- 
scnbed polymer layer is crosslinked, the surface of the layer is subjected to rubbing treatment to fomi the orientation 
layer. 

J^^ ""^^'"^ treatment can be conducted in the manner adopted widely for aligning liquid crystal molecules 
of LCD. The surface of the layer is rubbed with paper, cloth (gauze, felt, nylon, polyester) or rubber along a certain 
direction, to give the aligning function. Generally, the layer is rubbed several times with cloth on which fibers having 
the same length and thickness are provided. The orientation layer detemiines the aligning direction of liquid ciystal 
molecules provided thereon. " " i j 

(Optically emisotropic layer) 

[0260] In the invention, an optically anisotropic layer prepared from a liquid crystal compound is provided on the 
onentation layer formed on the cellulose acetate film. 

[0261] The liquid crystal compound composing the optically anisotropic layer may be a rod-like liquid crystal com- 
pound or a discotic one. The rod-like or discotic liquid crystal compound may have a low molecular weight or a high 
molecular weight. Further, a low molecular weight liquid crystal compound is crosslinked to become a compound that 
does not behave as liquid crystal. Such compound is also usable. 

[0262] For preparing the optically anisotropic layer, a solution containing the liquid crystal compound and other op- 
tional components (such as polymerization initiator) is applied on the orientation layer. 

[0263] A solvent for the preparation of the solution preferably is an organfc solvent. Examples of the organic solvents 
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include amides (e.g., N,N-dlmethylformamide), sulfoxides (e.g., dimethylsulfoxide), heterocyclic compounds (e.g., py- 
ridine), hydrocarbons (e.g., benzene, hexane), alkyi halides (e.g., chloroform, dlchloromethane), esters (e.g.. methyl 
acetate, butyl acetate), ketones (e.g., acetone, methyl ethyl ketone) and ethers (e.g., tetrahydrofuran, 1 ,2-dimethox- 
yethane). AlkyI halides and ketones are preferred. Two or more organic solvents can be used in combination, 
5 [0264] The solution can be coated according to a conventional coating method such as a wire-bar coating method, 
an extrusion coating method, a direct gravure coating method, a reverse gravure coating method or a die coating 
method. 

[0265] The thickness of the optically anisotropic layer is preferably In the range of 0.1 to 20 urn, more preferably in 
the range of 0.5 to 15 ^im, most preferably in the range of 1 to 10 pin. 
10 [0266] As the liquid crystal compound used in the invention, a discotic liquid crystal compound is preferably used. 

(Rod-like liquid crystal compound) 

[0267] Examples of the rod-like liquid crystal compound Include azomethines, azoxys, cyanobiphenyls, cyanophenyl 
^5 esters, benzoic esters, phenyl esters of cyclohexanecarboxylates, cyanophenylcyclohexanes, cyano-substituted phe- 
nylpyrimidines, alkoxy-substituted phenylpyrimidines, phenyldioxanes, tolanes, and alkenylcyclohexylbenzonitriles. 
[0268] Metal complexes are also Included in the rod-like liquid crystal compounds. Further, a liquid crystal polymer 
In which the repeating unit comprises a rod-like liquid crystal moiety Is also usable as the rod-like liquid crystal com- 
pound. On other words, the rod-like liquid crystal compound may be combined with a (liquid crystal) polymer. 
20 [0269] Descriptions of the rod-like liquid crystal compounds are found in "Kagaku-Sosetsu, Ekisho no Kageku" (writ- 
ten in Japanese), vol. 22(1 994), Chapters 4, 7 and 1 1 ; and "Ekisho Devise Handbook" (written in Japanese), chapters. 
[0270] The rod-like liquid crystal molecule preferably has a birefringent index of 0.001 to 0.7. 
[0271 J The rod-like liquid crystal molecule preferably has a polymerizable group (Q) to fix the alignment. 
[0272] Examples of the polymerizable group (Q) are shown below. 
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(Q16) 



(017) 



— N=C=S 



10 



[0273] The polymerizable group (Q) preferably is an unsaturated polymerizable group (Q1 to 07), an epoxy group 
(Q8) or an aziridinyl group (Q9), more preferably is an unsaturated polymerizable group, and most preferably is an 
ethylenically unsaturated group {Q1 to Q6). 

[0274] The rod-like liquid crystal molecule preferably has an almost symmetrical structure, and accordingly preferably 
has a polymerizable group at each end. 

[0275] Examples of the rod-like jiquid crystal molecule are shown below. 
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[0276] The optfcally anisotropic layer is prepared by coating the orientation layer with a liquid crystal composition 
(coating solution) containing the rod-like liquid crystal compound and other optional components such as polymerization 
initiator and additives (e.g., plasticizer, monomer, surface active agent, cellulose acetate, 1 ,3,5-tria2ine. chiral agent). 

(Discotic liquid crystal compound) 

[0277] The discotic molecules give large birefringence and have various alignment forms, and accordingly an optical 
compensatory sheet obtained from the discotic molecules has a specific optical characteristic that cannot be obtained 
from the conventional stretched birefringent film. The optical compensatory sheet comprising discotic molecules is 
described in Japanese Patent Provisional Publication No. 6(1994)-214116, US Patent Nos. S.583.679 5 646 703 and 
Geiman Patent Publication No. 3.911 ,620A1 . 
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[0278] Examples of the discotic liquid crystal compound include benzene derivatives described in C. Destrade et aL, 
Mol. Cryst. vol. 71. pp. 111, (1981); truxene derivatives described in C. Destrade et aL. Mol Cryst vol. 122, pp. 141. 
(1985), Physics lett. A, vol. 78. pp. 82, (1 990); cyclohexane derivatives described in B. Kohn etal., Angew. Chem. vol. 
96. pp. 70. (1984); and macrocyclic compounds of azacrown-type or phenylacetylene-type described in J. M. Lehn et 
al., J. Chem. Commun. pp. 1794. (1985), and J. Zhang et a(., J. Am. Chem. Soc. vol. 116, pp.2655, (1994). 
[0279] The discotic compound has a structure in which the discotic structure unit is located at the center as a parent 
core and further straight chain groups such as alkyi, alkoxy and substituted benzoyl are radially substituted. The discotic 
compound generally has the properties of liquid crystal, and hence includes a compound generally called discotic liquid 
crystal. As the discotic liquid compounds, any compound can be used so long as it has negative uniaxial property and 
orientation property. Substance derived from the discotic compound is not always the above-described compound. For 
example, the low molecular weight discotic liquid crystal compound having a thermo- or photoreactive group is polym- 
erized by heat or light to fonn a polymer that does not behave as liquid crystal. Such polymer can be also used in the 
invention. Preferred examples of the discotic liquid crystal compound are described In Japanese Patent Provisional 
Publication No. 8(1996)-50206. Japanese Patent Provisional Publication No. 8(1 996)-27284 describes polymerization 
of the discotic liquid crystal compound. 

[0280] A polymerizable group should be bound to a discotic core of the discotic compound to cause the polymerization 
reaction of the compound. However, If the polymerizable group is directly bound to the discotic core, it is difficult to 
keep the alignment at the polymerization reaction. Therefore, a Unking group is Introduced between the discotic core 
and the polymerizable group. Accordingly, the discotic compound having a polymerizable group preferably Is a com- 
pound represented by the following formula (III). 

(Ill) D(-L-P)„ 

in which D is a discotic core; L is a divalent linking group; P is a polymerizable group; and n is an integer of 4 to 12. 
[0281] Examples of the discotic cores (D) are shown below. In the examples, LP (or PL) means the combination of 
the divalent linking group (L) and the polymerizable group (P). 
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[0282] In the formula (III), the divalent linking group (L) preferably Is selected from the group consisting of an alkylene 

group, an a!l<enylene group, an aryiene group, -CO, -NH-, -0-, -S- and combinations thereof. L more preferably is a 
divalent linking group comprising at least two divalent groups selected from the group consisting of an alkylene group, 
an aryiene group, -CO-, -NH-, -O- and -S-. L more preferably Is a divalent linking group comprising at least two divalent 
groups selected from the group consisting of an alkylene group, an aryiene group, -CO- and -0-. The alkylene group 
preferably has 1 to 12 carbon atoms. The alkenylene group preferably has 2 to 12 carbon atoms. The aryiene group 
preferably has 6 to 1 0 carbon atoms. 

[0283] Examples of the divalent linking groups (L) are shown below. In the examples, the left side is attached to the 
discotic core (D), and the right side is attached to the polymerizable group (P). The AL means an alkylene group or an 
alkenylene group. The AR means an aryiene group. The alkylene group, the alkenylene group and the aryiene group 
may have a substltuent group (e.g., an alkyi group). 
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L2 
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L4 

L5; 

L6 

L7 

L8: 

L9 

L10; 

L11 

L12 

L13 

L14 

L15 

L16 

L17 

L18: 

L19 

L20: 

L21 

L22 

L23 

L24 



-AL-CO-O-AL- 

-AL-CO-O-AL-O- 

-AL-CO-O-AL-O-AL- 

-AL-CO-O-AL-O-CO- 

-CO-AR-O-AL- 

-CO-AR-O-AL-O- 

-CO-AR-O-AL-O-CO- 

-CO-NH-AL- 

-NH-AL-O- 

-NH-AL-O-CO- 

-O-AL- 

-O-AL-O- 

-O-AL-O-CO- 

-O-AL-O-CO-NH-AL- 

-O-AL-S-AL- 

-O-CO-AR-O-AL-CO- 

-O-CO-AR-O-AL-O-CO- 

-O-CO-AR-O-AL-O-AL-O-CO- 

-O-CO-AR-O-AL-O-AL-O-AL-O-CO- 

-S-AL- 

-S-AL-O- 

-S-AL-O-CO- 

-S-AL-S-AL- 

-S-AR-AL- 



55 [0284] The polymerizable group (?) Is determined according to the polymerization reaction. Examples of the polym- 
erizabie groups (P) are shown below. 
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(PI) {P2) (P3) 

~CH=CH2 — C5CH — CHg-CECH 



(P4) (P5) (P6) 

CH2 — CH — CH2 



— NHg — SO3H O 



-6 



(P7) (P8) (P9) 

CH3 — CH=CH-CH3 --N=C=S 



=CH 



2 



(PIO) (Pll) (P12) 

— SH — CHO —OH 

<P13) (P14) (P15) 

— CO2H _N=c=0 — CHrCH-CaHg 



(P17) (PI8) 
— CHrCH-n-CgHy — CH=C-CH3 O 

CH3 — CH-CH2 

[0285] The polymerizable group (P) preferably is an unsaturated polymerizable group (P1 , P2, P3, P7, P8, P1 5 P1 6 
PI 7) or an epoxy group (P6, PI 8), more preferably is an unsaturated polymerizable group.' and most preferably Is an 
ethylenically unsaturated group (P1, P7. P8, P15, P16, PI 7). In the fomiula (I), n Is an integer of 4 to 12 which is 
detennined according to the chemical structure of the discotic core (D). The 4 to 12 combinations of L and'p can be 
different from each other. However, the combinations are preferably identical. The discotic liquid crystal compound Is 
described in Japanese Patent Provisional Publication Nos. 7(1 995)-281 028, 7(1 995)-30631 7 8(1 996) 50206 9(1 9971- 
104656, 9(1997)-104866 and 9(1997)-11240. 

[0286] If the discotic compound Is used, the optically anisotropic layer Is a negative birefringent layer. In the optically 
anisotropic layer, discotic structure units of the discotic compound preferably have planes Inclined from a plane of the 
cellulose acetate film at an angle varying in (along) the direction of depth of the layer. 

[0287] The above-described angle (inclned angle) of the plane of discotic structure unit generally Increases or de- 
creases with increase of distance in the direction of depth from the bottom of the optically anisotropic layer The inclined 
angle preferably increases with increase of the distance. Further, examples of variation of the inclined angle include 
continuous increase, continuous decrease, intermittent Increase, intermittent decrease, variation containing continuous 
increase and decrease, and intermittent variation containing increase or decrease.. The intermittent variation contains 
an area where the inclined angle does not vary In the course of the thickness direction of the layer. The inclined angle 
preferably totally increases or decreases in the layer, even If it does not vary In the course. The Inclined angle more 
preferably increases totally, and it Is partlcularty preferred to increase continuously. The inclined angle of the discotic 
unit on the support side can be generally controlled by selecting the discotic compound or materials of the orientation 
layer, or by selecting methods for the rubbing treatment. The discotic compound or other compounds used together 
with the discotic compound can be selected to control the inclined angle of the discotic unit on the surface side (air • 
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side). Examples of the compounds used together with the discotic compound include a piastici2er, a surface active 
agent, a polymerizable monomer and a polymer. Further, the extent of variation of the Inclined angle can be also 
controlled by the above selection. 

[0288] Any compound can be employed as the plasticizer, the surface active agent and the polymerizable monomer, 
so long as it is compatible with the discotic compound and it gives variation of the inclined angle or dose not inhibit the 
discotic compound molecules from aligning. Preferred is polymerizable monomer (e.g., compounds having a vinyl, 
vinyloxy, acryloyi or methacryloyi group). Those compounds are preferably used in the amount of 1 to 50 wt.% (espe- 
cially 5 to 30 wt.%) based on the amount of the discotic compound. 

[0289] Any polymer can be used together with the discotic liquid crystal compound, so long as it is compatible with 
the discotic compound and it gives variation of the inclined angle. The polymer is, for example, cellulose ester. Preferred 
examples of the cellulose ester include cellulose acetate, cellulose acetatepropionate, hydroxypropylcellulose, and 
cellulose acetate butyrate. In order not to prevent molecules of the discotic compound from aligning, the amount of the 
polymer is generally In the range of 0.1 to 10 wt.%, preferably in the range of 0.1 to 8 wt.%, more preferably in the 
range of 0.1 to 5 wt.% based on the amount of the discotic compound. 

[0290] The optically anisotropic layer can be generally prepared by the steps of coating the orientation layer with a 
solution of the discotic compound and other compounds dissolved in a solvent, drying, heating to a temperature for 
forming a discotic nematic phase, and cooling with the oriented condition (discotic nematic phase) kept. Otherwise, 
the layer can be prepared by the steps of coating the orientation layer with a solution of the discotic compound and 
other compounds (e.g., polymerlzable monomer, photopolymerization initiator) dissolved in a solvent, drying, heating 
to a temperature for forming a discotic nematic phase, polymerizing the heated layer (e.g., by radiation of UV light) 
and cooling. The transition temperature from discotic nematic phase to solid phase is preferably in the range of 70 to 
300*'C, especially 70 to 1 70°C. 

(Fixation of alignment of liquid crystal compound) 

[0291] The aligned discotic liquid crystal molecules can be fixed with the alignment maintained. The discotic liquid 
crystal molecules are fixed preferably by a polymerization reaction. The polymerization reaction can be classified Into 
a thermal reaction with a thermal polymerization initiator and a photo reaction with a photo polymerization initiator, A 
photo polymerization reaction is preferred. 

[0292] Examples of the photo polymerization initiators include a-carbonyl compounds (described in US Patent Nos. 
2,367,661 , 2,367,670), acyloin ethers (described in US Patent No. 2,448,828), a-hydrocarbon substituted acyloin com- 
pounds (described in US Patent No. 2,722,512), polycyclic quinone compounds (described in US Patent Nos. 
2,951,758, 3,046,127), combinations of triarylimidazoles and p-aminophenyl ketones (described In US Patent No. 
3,549,367), acrldine or phenazlne compounds (described in Japanese Patent Provisional Publication No. 60(1985)- 
105667 and US Patent No. 4,239,850) and oxadiazole compounds (described in US Patent No. 4,212,970). 
[0293] The amount of the photo polymerization initiator is preferably in the range of 0.01 to 20 wt.%, and more 
preferably in the range of 0.5 to 5 wt.% based on the solid content of the coating solution. 
[0294] The light irradiation for the photo polymerization is preferably conducted with ultraviolet rays. 
[0295] The exposure energy is preferably in the range of 20 to 50,000 mJ/cm^, more preferably in the range of 20 
to 5,000 mJ/cm2, most preferably in the range of 1 00 to 800 mJ/cm2. The light irradiation can be conducted while the 
layer is heated to accelerate the photo polymerization reaction. The protective layer may be provided on the optically 
anisotropic layer. 

(Polarizing plate) 

[0296] The polarizing plate comprises two transparent protective films and a polarizing membrane provided between 
the films. The optical compensatory sheet comprising the cellulose acetate film or the cellulose acetate film having the 
optically anisotropic layer provided thereon can be used as one of the protective films. A nomiat cellulose acetate film 
can be used as the other protective film. 

[0297] Examples of the polarizing membrane Include an iodine polarizing membrane, a polyene polarizing membrane 
and a dichromatic dye polarizing membrane. The iodine polarizing membrane and the dye polarizing membrane are 
generally prepared from polyvinyl alcohol films. The transmission axis of the polarizing membrane is placed perpen- 
dicularly to the stretching direction of the film. 

[0298] The slow axis of the cellulose acetate film may be essentially parallel or perpendicularly to the transmission 
axis of the polarizing membrane. 

[0299] It has been found that the moisture-permeability of the protective film is important tor production of the polar- 
izing plate. In producing the polarizing plate, the polarizing membrane and the protective film are laminated with an 
aqueous adhesive, and then the solvent of the adhesive Is diffused Into the film to dry. The higher penneabillty the film 



39 



EP 1 300 701 A1 



has, the more rapidly it is dried. Accordingly, the productivity ol the polarizing plate is Improved. However, .if the per- 
meability is too high, the outer moisture is liable to come into the membrane to impair polarizability If the liquid crystal 
display is used under humid condition. 

[0300] The moisture-permeability depends upon various conditions such as thickness, free volume, and hydrophilicity 
(hydrophoblcity) of the polymer film (and the polymerlzable liquid crystal compound). 

[0301] In the case where the optical compensatory sheet is used as the protective film of the polarizing plate, the 
compensatory sheet has a moisture-permeability preferably in the range of 100 to 1,000 (g/m2)/24 hours, more pref- 
erably in the range of 300 to 700 (g/m2)/24 hours. 

[0302] In the film fomning process, conditions and procedures such as rip flow, line speed, stretching and/or com- 
pressing are adequately selected to control the thickness of the compensatory sheet. Since the moisture-permeability 
depends upon the materials, the thickness is controlled so that the preferred permeability can be obtained. 
[0303] Also in the film forming process, drying conditions such as time and temperature are suitably determined to 
control the free volume of the optical compensatory sheet. Since the moisture-penneability depends upon the materials, 
the free volume is controlled so that the preferred pemieability can be obtained. 

[0304] The hydrophilicity (hydrophoblcity) of the transparent base film can be controlled with additives. If hydrophllic 
additives are contained In the free volume, the permeability is increased. If hydrophobic additives are added, the per- 
meability is decreased. 

[0305] The moisture-pemneabilfty can be thus controlled, and thereby the polarizing plate having optical compensa- 
tory function can be produced at small cost with high productivity. 

(Circulariy polarizing plate) 

[0306] The X/4 plate of the Invention (optical compensatory sheet comprising the cellulose acetate film) and the 
polarizing membrane are laminated so that the slow axis in the plane of the A/4 plate may be placed essentially at the 
angle of 45" to the transmission axis of the membrane, to produce a circularly polarizing plate. The term "placed 
essentially at the angle of 45°" means that the angle between the slow axis of m plate and the transmission axis of 
membrane is in the range of 40** to 50°. The angle is preferably in the range of 41 to 49°. more preferably in the range 
of 42° to 48°. further preferably in the range of 43° to 47°. most preferably in the range of 44° to 46°. On the back 
surface of the polarizing membrane (surface not facing to the VA plate), a transparent protective film is preferably 
provided. As the transparent protective film, a conventional cellulose acetate film may be used. 

(Liquid crystal display) 

[0307] The aforementioned optical compensatory sheet or the polarizing plate In which the compensatory sheet and 
the polarizing membrane are laminated Is particularly advantageously used in a liquid crystal display of transmission 
type or reflection type. The retardation values of the optically anisotropic cellulose acetate film are determined according 
to the aimed characters of liquid crystal display. 

(Liquid crystal display of transmission type) 

[0308] A liquid crystal display of transmission type comprises a pair of polarizing plates and a liquid crystal cell placed 
between them. The polarizing plate comprises a pair of transparent protective films and a polarizing membrane placed 
between them. The liquid crystal cell comprises a pair of substrates and liquid crystal provided between them. 
[0309] In the case where the optical compensatory sheet of the invention is used in the liquid crystal display, the 
compensatory sheet is placed between the cell and one or each of the polarizing plates. 

[0310] In the case where the polarizing plate of the invention Is used In the liquid crystal display. It may be used as 
one of the two plates. The plates on both sides of the ceil may be the polarizing plates of the invention. The polarizing 
plate of the invention Is placed so that the optical compensatory sheet (whch serves as a protective film of the polarizing 
plate) may face to the liquid crystal cell. 

[0311] The liquid crystal cell works preferably according to VA mode (including MVA). OCB mode or TN mode. 
[0312] The liquid crystal cell of OCB mode is a liquid crystal cell of bend alignment mode In which rod-like liquid 
crystal molecules in upper part and ones in lower part are aligned essentially in reverse (symmetrically). A liquid crystal 
display having the liquid crystal cell of bend alignment mode is disclosed in U.S. Patent Nos. 4,583,825 and 5,41 0,422. 
Since rod-tike liquid crystal molecules in upper part and ones in lower part are symmetrically aligned, the liquid crista! 
cell of bend alignment mode has self -optical compensatory function. Therefore, this mode is refen-ed to as OCB (op- 
^^^l^y^^^P^^satory bend) mode. The liquid crystal display of bend alignment mode has an advantage of responding 

[0313] In a liquid crystal cell of VA mode, rod-like liquid crystal molecules are essentially vertically aligned while 
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voltage is not applied. The liquid crystal cell of VA mode include some types: (1 ) a liquid crystal cell of VA mode In a 
narrow sense (described in Japanese Patent Provisional Publication No. 2(1 990)-1 76625 and Japanese Patent Pub- 
lication No, 7(1 995)-69536), In which rod-like liquid crystal molecules are essentially vertically aligned while voltage is 
not applied, and the molecules are essentially horizontally aligned while voltage is applied; (2) a liquid crystal cell of 

5 MVA mode (described in SID97, Digest of tech. Papers, 28(1997), 845; SID99, Digest of tech. Papers, 30(1999), 206; 
and Japanese Patent Provisional Publication No. 11(1999)-258605), In which the VA mode Is modified to-be multi- 
domain type so as to enlarge the viewing angle), a cell of SURVAIVAL mode (described in "monthly Display (written 
in Japanese)", 6(1 999), No. 3, pp. 1 4), a cell of PVA mode (described In Asia Display 98, Proc. of the 1 8*^ Inter. Display 
res. Conf.. Papers, (1998), pp. 383), a cell of Para-A mode (presented in LCD/POP International '99), a cell of DDVA 

10 mode (described in SID98, Digest of tech. Papers, 29(1 998), 838), a cell of EOC mode (described in SID98, Digest of 
tech. Papers, 29(1998), 319), a cell of PSHA mode (described In SID98, Digest of tech. Papers, 29(1998), 1081), a 
cell of RFFMH mode (described in Asia Display 98, Proc. of the IS^^* Inter. Display res. Conf., Papers, (1998), pp. 375), 
and a cell of HMD mode (described In SID98, Digest of tech. Papers, 29(1998), 702); and (3) a liquid crystal cell of 
n-ASM mode (described in IWD '98, Proc. of the 5^^ Inter. Display Workshop Papers, (1998), pp. 143), in which rod- 

'5 like liquid crystal molecules are essentially vertically aligned while voltage is not applied, and the molecules are es- 
sentially oriented in twisted multi-domain alignment while voltage is applied. 

[0314] In a liquid crystal cell of TN mode, rod-like liquid crystal molecules are essentially horizontally aligned white 
voltage is not applied, and oriented In a twisted alignment with a twisted angle of 60 to 120°. The liquid crystal cell of 
TN mode is widely used in color TFT liquid crystal displays, and hence Is described in many publications. 

20 

(Liquid crystal display of reflection type) 

[0315] Fig. 1 schematically shows the basic structure of a liquid crystal display of reflection type. 
[0316] The display shown in Fig. 1 comprises a lower substrate (1), a reflective electrode (2), a lower orientation 
25 layer (3), a liquid crystal layer (4), an upper orientation layer (5), a transparent electrode (6), an upper substrate (7), a 
X/A plate (8) and a polarizing membrane (9), piled up in this order 

[0317] A combination of the lower substrate (1) and the reflective electrode (2) constitutes a reflection board. A 
combination of the lower orientation layer (3) to the upper orientation layer (5) constitutes a liquid crystal cell. The X/ 
4 plate (8) may be placed at any position between the reflection board and the polarizing membrane (9). 
30 [0318] For displaying a color image, a color filter layer is additionally provided. The color filter is preferably placed 
between the reflective electrode (2) and the lower orientation layer (3), or between the upper orientation layer (5) and 
the transparent electrode (6). 

[0319] In place of the reflective electrode (2), a transparent electrode may be used In combination with a reflection 

board. The reflection board is preferably a metal board or a semi-transparent reflection board. If the reflection board 
35 has a smooth surface, rays parallel to the normal of the surface are often predominantly reflected to give a small viewing 
angle. Therefore, the surface of the reflection board may be made rugged (as described in Japanese Patent No, 
276,620). Othenvise, a light-diffusing film may be provided on one surface (cell side or air side) of the polarizing mem- 
brane. 

[0320] The liquid crystal cell is preferably TN (twisted nematic) mode, STN (supper twisted nematic) mode, or HAN 
^0 (hybrid aligned nematic) mode. 

[0321] The liquid crystal cell of TN mode has a twist angle preferably in the range of 40 to 1 00°, more preferably in 
the range of 50 to 90°, most preferably In the range of 60 to 80'. The product (An d) of refractive anisotropy (An) and 
thickness (d) of the liquid crystal layer Is preferably in the range of 0.1 to 0.5 pm, more preferably in the range of 0.2 
to 0.4 \Lrr\. 

45 [0322] The liquid crystal cell of STN mode has a twist angle preferably in the range of 1 80 to 360°, more preferably 
in the range of 220 to 270°. The product (An-d) of refractive anisotropy (An) and thickness (d) of the liquid crystal layer 
is preferably in the range of 0.3 to 1 .2 fim, more preferably in the range of 0.5 to 1 .0 p.m. 

[0323] In the liquid crystal cell of HAN mode, It Is preferred that liquid crystal molecules be essentially vertically 
aligned on one substrate and that the pre-tilt angle on the other substrate be in the range of 0 to 45°. The product 
50 (An d) of refractive anisotropy (An) and thickness (d) of the liquid crystal layer is preferably in the range of 0.1 to 1.0 
|xm. more preferably in the range of 0.3 to 0.8 jim. The substrate on which the liquid crystal molecules are vertically 
aligned may be on the transparent electrode side or on the opposite side. 

[0324] The liquid crystal display of reflection type may be designed normally white mode (In which a bright or dari< 
Image is displayed when the applied voltage Is low or high, respectively) or normally black mode (In which a dark or 
55 bright image is displayed when the applied voltage Is low or high, respectively). The nonnally white mode Is preferred. 
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(Guest-host liquid crystal display of reflection type) 

[0325] Fig. 2 is a sectional view illustrating a representative embodiment of the guest-host liquid crystal display of 
reflection type. 

[0326] The display shown in Fig. 2 comprises a lower substrate (11). an organic insulating layer (12), a metal reflection 
board (13), a M plate (14). a lower transparent electrode (15), a lower orientation layer (16), a liquid crystallayer( 17) 
an upper orientation layer (18), an upper transparent electrode (19), a light-diffusing layer (20). an upper substrate 
(21) and an anti-reflection layer (22), piled up in this order. 

[0327] The lower substrate (11) and the upper substrate (21 ) are made of glass or plastics. A TFT (23) is provided 
between the lower substrate (11) and the organic Insulating layer (12). 

[0328] The liquid crystal layer (17) contains a mixture of liquid crystal and dichromatic dye. For forming the liquid 
crystal layer, the mixture is injected into the cell gap fomied with spacers (24). 

[0329] Instead of providing the light-diffusing layer (20). the metal reflection board (1 3) may be made rugged so that 
the board (13) can serve as the diffusing layer. 

[0330] The anti- reflection layer (22) preferably has an antglare function as well as the anti-reflection function. 
[0331 ] Fig. 3 is a sectional view illustrating another representative embodiment of the guest-host liquid crystal disolav 
of reflection type. ^ ' 

[0332] The display shown in Fig. 3 comprises a lower substrate (31), an organic insulating layer (32). a cholesteric 
color reflection board (33). a 1/4 plate (34). a lower transparent electrode (35). a lower orientation layer (36). a liquid 
crystal layer (37), an upper orientation layer (38). an upper transparent electrode (39), an upper substrate (41) and an 
anti-reflection layer (42), piled up in this order 

[0333] The lower substrate (31 ) and the upper substrate (41 ) are made of glass or plastics. A TFT (43) is provided 
between the lower substrate (31) and the organic insulating layer (32). 
[0334] , The X/4 plate (34) may serve as the diffusing layer. 

[0335] The liquid crystal layer (37) contains a mixture of liquid crystal and dichromatic dye. For forming the liquid 
crystal layer, the mixture is injected into the cell gap formed with spacers (44). 

[0336] A black matrix is provided between the upper transparent electrode (39) and the upper substrate (41 ) 
[0337] The a nti- reflection layer (42) preferably has an antglare function as well as the anti- reflection function 
[0338] The Xy4 plate according to the invention can be used as the m plate (8) in the display of reflection type shown 
in Fig. 1 , that (24) in the guest-host display of reflection type shown in Fig. 2, or that (34) in the guest-host display of 
reflection type shown in Fig. 3. 

[0339] The guest-host liquid crystal display of reflection type equipped with the M plate Is described in Japanese 
Patent Provisional Publication Nos. 6(1994)-222350, 8(1996)-36174, 10(1998)-268300. 10(1998)-292175 10(1998)- 
293301. 1 0(1 998)-31 1976. 10(1998)-319442. 10(1998)-325953, 10(1998)-333138 and 11 (1999)-3841 0. ' 
[0340] The V4 plate of the invention can be used in the guest-host liquid crystal displays of reflection type described 
in the above publications. 

(Liquid crystal display of bend alignment mode) 

[0341] The optical compensatory sheet having the optically anisotropic layer of the invention is preferably used in a 
liquid crystal display of bend alignment mode. The display of bend alignment mode equipped with the compensatory 
sheet is described below in detail. ■ 

[0342] Fig. 4 is a sectional view schematically illustrating alignment of liquid crystal molecules in a liquid crystal cell 
of bend alignment mode. 

[0343] As shown In Fig. 4. the cell of bend alignment mode comprises an upper substrate (114a). a lower substrate 
(11 4b), and a liquid crystal compound (111) provided between them. The liquid crystal compound (111) used in the cell 
of bend alignment mode generally has a positive dielectric anisotropy The upper and lower substrates (114a 114b) 
have orientation layers (112a, 112b) and electrode layers (113a. 113b), respectively. The orientation layers align rod- 
like hquid crystal molecules (111a to lllj). The direction indicated by RD is the rubbing direction of orientation layer 
The electrode layers have a function of applying a voltage to the rod-like liquid crystal molecules (111a to 111j). 
[0344] Fig. 4 (off) shows the alignment of rod-like liquid crystal molecules when a low voltage is applied to the liquid 
crystal cell of bend alignment mode. In that cell, the rod-like liquid crystal molecules (111a to llle) on the side of the 
upper substrate (114a) and those (lllf to lllj) on the side of the lower substrate (114b) are aligned essentially in 

reverse(symmetrically).Themolecules(111a, 111b. Illi. lllj) nearthe substrates (114a. 114b)are almost horte^^^ 
aligned, and those (111d to 111g) at the central part in the cell are almost vertically aligned. 

[0345] Fig. 4 (on) shows the alignment of rod-like liquid crystal molecules when a high voltage is applied In that cell 
the molecules (111 a. lllj) near the substrates (114a. 114b) are stili almost horizontally aligned, and those (llle 111f) 
at the central part are also still almost vertically aligned. In contrast, the molecules (111b. 111c Hid Itlg lllh 111i) 
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in the area between the substrate and the center of the cell are raised as compared with those when a low voltage is 
applied (off-state). However, even in on-state, the molecules (111a to 111e) on the side of the upper substrate (114a) 
and those (lllf to 111j) on the side of the lower substrate (114b) are still aligned essentially in reverse (symmetrically). 
[0346] Fig. 5 schematically shows an elliptically polarizing plate according to the invention. 

5 [0347] As shown in Fig. 5, an elliptically polarizing plate is a layered composition comprising a first optically anisotropic 
layer (131 ) containing discotic compound (131 a to 131 e), a second optically anisotropic layer (133) having at least one 
cellulose acetate film, and a polarizing membrane (134). The elliptically polarizing plate in Fig. 5 further comprises an 
orientation layer (1 32) between the first optically anisotropic layer (1 31 ) and the second optically anisotropic layer (1 33). 
[0348] The discotic compound (131 a to 131e) in the first optically anisotropic layer (131) is a planar molecule. Each 

10 molecule of the discotic compound has only one plane, namely a disc plane. The disc plane is Inclined from the surface 
of the second optically anisotropic layer (133). The angle between the disc plane and the second optically anisotropic 
layer (the inclined angle) increases with increase of distance between the molecule and the orientation layer. The 
average inclined angle is preferably In the range of 1 5 to 50". The elliptically polarizing plate (shown in Fig. 5) in which 
the molecules have varying inclined angles can remarkably improve the viewing angle. In addition, it can prevent the 

'5 displayed image from tone inversion, tone fluctuation and undesired coloring. 

[0349] The average direction (PL) obtained by projecting nonnal (NL) of the disc plane of the discotic molecule (131a 
to 1 31 e) onto the second optically anisotropic layer (1 33) is anti-parallel to the rubbing direction (RD) of the orientation 
layer (132). 

[0350] In the invention, the average direction (PL) obtained by projecting normal of the disc plane of the discotic 
^0 molecule onto the transparent support is positioned essentially at the angle of 45*' to the slow axis (SA) in the plane 
of the second optically anisotropic layer (1 33). In order to produce such elliptically polarizing plate, the rubbing direction 
(RD) of the orientation layer (132) is made to be essentially at the angle of 45" to the slow axis (SA) of the second 
optically anisotropic layer (133). 

[0351] Further, in the invention, the transparent support and the polarizing membrane are placed so that the trans- 
25 mission axis (TA) in the plane of the polarizing membrane (134) may be essentially parallel or perpendicular to the 

slow axis (SA) in the plane of the second optically anisotropic layer (133). In the elliptically polarizing plate shown in 

Fig. 5, a transparent support is placed so that the SA may be parallel to the TA. In principle, the slow axis (SA) in the 

plane of the transparent support (1 33) corresponds to the stretching direction of the second optically anisotropic layer. 

Further, in principle, the transmission axis (TA) in the plane of the polarizing membrane (134) is perpendicular to the 
30 stretching direction of the polarizing membrane. 

[0352] Fig. 6 schematically shows a liquid crystal display of bend alignment mode according to the invention. 

[0353] The liquid crystal display shown in Fig. 6 comprises a pair of elliptically polarizing plates (131 A to 134A, and 

131 B to 134B), a liquid crystal cell of bend alignment mode (110) provided between the plates, and backlight (BL). 

[0354] The cell of bend alignment mode (110) corresponds to the liquid crystal cell shown in Fig. 4. The directions 
35 (RD2, RD3) of rubbing treatment applied on the upper and lower substrates of the cell (110), respectively, are the same 

(parallel to each other). 

[0355] Each elliptically polarizing plate consists of a first optically anisotropic layer (131 A, 131B), a second optically 
anisotropic layer (133A. 1338) and a polarizing membrane {134A, 134B), piled up in this order from the liquid ciystal 
cell (110) side. Each mbbing direction (RD1, RD4) for aligning the discotic compound in the first optically anisotropic 
layer (131 A, 131 B) is anti-parallel to the rubbing direction (RD2. RD3) of the cell substrate opposite to the layer. The 
rubbing direction (RD1, RD4) is also anti-parallel to the average direction obtained by projecting normal of the disc 
plane of the discotic compound onto the transparent support. The slow axis (SA1, SA2) in the plane of the second 
optically anisotropic layer (1 33A, 1 338) and the transmission axis (TA1 , TA2) in the plane of the polarizing membrane 
are essentially at the angle of 45° to the rubbing direction (RD1 , RD4) In the same plane. The two polarizing membranes 
« (134A, 1348) are placed so that the transmission axis (TA1 , TA2) In the plane may be perpendicularly crossed (may 
be In crosS'Nicol position). 

[0356] Fig. 7 schematically shows mechanism of optical compensation in a liquid crystal display of bend alignment 
mode. 

[0357] As shown in Fig. 7, in the liquid crystal display of the invention, the liquid crystal cell of bend alignment mode 
50 (11 0) Is optically compensated with the optically anisotropic layers 1 (131 A, 131 8) and the optically anisotropic layers 
2 (133A, 1338) in combination. 

[0358] The rubbing direction (RD1 , RD4) for aligning the discotic compound in the first optically anisotropic layer 
(131 A, 131B) is anti-parallel to the rubbing direction (RD2, RD3) of the cell, and hence each discotic molecule in the 
optically anisotropic layers 1 (131A, 1318) can correspond to each liquid crystal molecule in the cell (110) of bend 
55 alignment mode. (The correspondences are schematically indicated by a to c, and e to g in Fig. 7.) The optically 
anisotropic layers 2 (133A, 1338) also correspond to the liquid crystal molecules essentially vertically aligned in the 
central area of the cell (110). fThese correspondences are schematically indicated by d and h in Fig. 7.) In Fig. 7, the 
ellipse in each second optically anisotropic layer (1 33A, 1 33B) represents a refractive ellipsoid derived from the optical 
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anisotropy. 

[0359] Fig. 8 schematically shows various embodiments of the elliptically polarizing plate. 
[0360] Fig. 8 (a1) shows the simplest elliptically polarizing plate shown in Fig. 5. The embodiment of Fig. 8 (al) 
comprises a first optically anisotropic layer (1 31 a second optically anisotropic layer (1 33) and a polarizing membrane 
(134), piled up in this order. The rubbing direction (RD) for aligning the discotic compound is essentially at the angle 
of 45* to the slow axis (SA) of the second optically anisotropic layer (1 33), and the slow axis (SA) of the second optically 
anisotropic layer (133) is essentially parallel to the transmission axis (TA) of the polarizing membrane (134). 
[0361] The embodiment of Fig. 8 (a2) also comprises a first optically anisotropic layer (131). a second optically 
anisotropic layer (133) and a polarizing membrane (134), piled up in this order. The rubbing direction (RD) for aligning 
the discotic compound is essentially at the angle of 45'* to the slow axis (SA) of the second optically anisotropic layer 
(133). and the slow axis (SA) of the second optically anisotropic layer (133) Is essentially perpendicular to the trans- 
mission axis (TA) of the polarizing membrane (134). 

[0362] The embodiment of Fig. 8 (a3j has a second optically anisotropic layer consisting of two sub-layers (133a, 
133b). In that embodiment, at least one anisotropic sub-layer 2 (1 33b, in Fig. 8 a3) is placed at the position satisfying 
the aforementioned condition. Namely, the rubbing direction (RD) for aligning the discotic compound is essentially at 
the angle of 45° to the slow axis (SA2) of the above optically anisotropic sub-layer 2 (133b), and that slow axis (SA2) 
is essentially parallel to the transmission axis (TA) of the polarizing membrane (134). The other anisotropic sub-layer 
2 (1 33a) Is, as a conventional one, placed so that the slow axis (SA1 ) may be essentially parallel to the rubbing direction 
(RD). 

[0363] The embodiment of Fig. 8 (a4) has a second optically anisotropic layer consisting of two sub-layers (133a, 
1 33b) placed at the positions satisfying the aforementioned condition with the first optically anisotropic layer (131 ) and 
the polarizing membrane (134). Namely, the rubbing direction (RD) for aligning the discotic compound Is essentially 
at the angle of 45« to each of the slow axes (SA1 , SA2) of the optically anisotropic sub-layers 2 (1 33a, 1 33b), and each 
of the slow axes (SA1, SA2) is essentially parallel to the transmission axis (TA) of the polarizing membrane (134). 
[0364] The embodiment of Fig. 8 (a5) also has a second optically anisotropic layer consisting of two sub-layers (133a, 
133b) placed at the positions satisfying the aforementioned condition with the first optically anisotropic layer (131) and 
the polarizing membrane (134). Namely, the rubbing direction (RD) for aligning the discotic compound is essentially 
at the angle of 45" to each of the slow axes (SA1 , SA2) of the optically anisotropic sub-layers 2 (1 33a. 1 33b). The slow 
axis (SA1) of the optically anisotropic sub-layer 2 (133a) near the first optically anisotropic layer (131) is essentially 
perpendicular to the transmission axis (TA) of the polarizing membrane (134). The slow axis (SA2) of the optically 
anisotropic sub-layer 2 (1 33b) near the polarizing membrane (134) is essentially parallel to the transmission axis (TA) 
of the polarizing membrane (134). 

[0365] Fig. 9 schematically shows various other embodiments of the elliptically polarizing plate. 
[0368] The embodiment of Fig. 9 (b1 ) comprises a second optically anisotropic layer(1 33). a first optically anisotropic 
layer (131 ) and a polarizing membrane (134), piled up in this order. The rubbing direction (RD) for aligning the discotic 
compound is essentially at the angle of 45° to the slow axis (SA) of the second optically anisotropic layer (133). and 
the slow axis (SA) of the second optically anisotropic layer (133) is essentially parallel to the transmission axis (TA) of 
the polarizing membrane (134). 

[0367] The embodiment of Fig. 9 (b2) also comprises a second optically anisotropic layer (133), a first optically 
anisotropic layer (131) and a polarizing membrane (134), piled up in this order. The rubbing direction (RD) for aligning 
the discotic compound is essentially at the angle of 45° to the slow axis (SA) of the second optically anisotropic layer 
(133). and the slow axis (SA) of the second optically anisotropic layer (133) is essentially perpendicular to the trans- 
mission axis (TA) of the polarizing membrane (134). 

[0368] The embodiment of Fig. 9 (b3) has a second optically anisotropic layer consisting of two sub-layers (133a, 
133b). In that embodiment, at least one anisotropic sub-layer 2 (1 33b, in Fig. 9 b3) Is placed at the position satisfying 
the aforementioned condition with the first optically anisotropic layer (1 31 ) and the polarizing membrane (1 34). Namely, 
the rubbing direction (RD) for aligning the discotic compound is essentially at the angle of 45*» to the slow axis (SA2) 
of the above optically anisotropic sub-layer 2 (1 33b), and that slow axis {SA2) Is essentially parallel to the transmission 
axis (TA) of the polarizing membrane (134). The other anisotropic sub-layer 2 (133a) is. as a conventional one. placed 
so that the slow axis (SA1) may be essentially parallel to the rubbing direction (RD). 

[0369] The embodiment of Fig. 9 (b4) has a second optically anisotropic layer consisting of two sub-layers (133a. 
1 33b) each of which is placed at the positions satisfying the aforementioned condition with the first optically anisotropic 
layer (1 31 ) and the polarizing membrane (1 34). Namely, the rubbing direction (RD) for aligning the discotic compound 
IS essentially at the angle of 45» to each of the slow axes (SA1 , SA2) of the optically anisotropic sub-layers 2 (133a, 
133b). and each of the slow axes (SA1, SA2) is essentially parallel to the transmission axis (TA) of the polarizing 
membrane (134). 

[0370] The embodiment of Fig. 9 (b5) also has a second optically anisotropic layer consisting of two sub-layers (133a 
133b) both of which are placed at the positions where they totally satisfy the aforementioned condition with the first 
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optically anisotropic layer (131) and the polarizing membrane (134). Namely, the rubbing direction (RD) for aligning 
the discotic compound is essentially at the angle of 45'' to each of the slow axes (SA1 , SA2) of the optically anisotropic 
sub-layers 2 (133a, 133b). The slow axis (SA1) of the optically anisotropic sub-layer 2 (133a) far-off from both of the 
first optically anisotropic layer (1 31 ) and the polarizing membrane (1 34) is essentially perpendicular to the transmission 
5 axis (TA) of the polarizing membrane (1 34). The slow axis (SA2) of the optically anisotropic sub-layer 2 (133b) near 
both of the first optically anisotropic layer (131) and the polarizing membrane (134) is essentially parallel to the trans- 
mission axis (TA) of the polarizing membrane (134). 

[0371] The elliptically polarizing plate comprises a first optically anisotropic layer containing discotic molecules ori- 
ented in hybrid alignment, another second optically anisotropic layer having the optically anisotropic cellulose acetate 
10 film, and a polarizing membrane. 

[0372] If the liquid crystal cell of OCB mode is used, the first optically anisotropic layer containing discotic compound 
preferably has no optical axis giving the retardation value of 0. Further, the direction giving the minimum absolute 
retardation value of the first optically anisotropic layer Is preferably neither in the layer piane nor along the nonnal of 
the layer plane. 

J5 [0373] As the optical characters of the optically anisotropic layers 1 and 2. the Re retardation value defined by the 
following fonnula (9) and the Rth retardation value defined by the following formula (1 Oa) or (10b) should be noticed. 

(9) Re = (nx-ny) x d 

20 

(1 Oa) Rth = [{(n2+n3)/2}-n1 ] x d 



P5 (10b) Rth = [{(nx4-ny)/2}-nz] X d 

In the formulas, nx is a refractive index in the plane along the slow axis of the first or second optically anisotropic layer; 
ny is a refractive index in the plane along the traveling axis of the first and second optically anisotropic layer; n1 Is the 
minimum principal value of refractive index of the first optically anisotropic layer; n2 and n3 are other principal values 

30 of refractive index of the first optically anisotropic layer; nz is a refractive index along the thickness direction of the 
second optically anisotropic layer; and d is a thickness of the first or second optically anisotropic layer 
[0374] The Re retardation value of the first optically anisotropic layer measured at 550 nm (Re550) is preferably in 
the range of 1 0 to 1 00 nm. The Rth retardation value of the first optically anisotropic layer measured at 550 nm (Rth550) 
is preferably in the range of 40 to 200 nm. The angle (p) between the normal of the film and the direction giving the 

35 minimum principal value of refractive index of the first optically anisotropic layer is preferably in the range of 20 to 50°. 
[0375] The Rth retardation value of the second optically anisotropic layer measured at 550 nm (Rth550) is preferably 
in the range of 1 50 to 300 nm, more preferably in the range of 1 80 to 280 nm. A preferred Re retardation value of the 
second optically anisotropic layer measured at 550 nm (Re550) depends upon the arrangement of the layer and the 
transmission axis of the polarizing membrane. If the slow axis in the plane of the second optically anisotropic layer is 

40 essentially perpendicular to the transmission axis, the Re550 of the second optically anisotropic layer is preferably in 
the range of 1 to 20 nm, more preferably in the range of 1 to 15 nm. If the slow axis of the second optically anisotropic 
layer is essentially parallel to the transmission axis, the Re550 is preferably in the range of 20 to 1 00 nm, more preferably 
in the range of 30 to 60 nm. 

[0376] In the case where the plate has a second optically anisotropic layer consisting of two sub-layers, two cellulose 
45 acetate films may be used. Otherwise, liquid crystal molecules may be aligned on a cellulose acetate film. 

[0377] The liquid crystal display of the invention has an optical compensatory function with small wavelength de- 
pendence. The term "small wavelength dependence" means that the difference between the Re retardation value of 
liquid crystal cell and the total Re retardation value of the two optically anisotropic layers 1 and 2 (total Re retardation 
value of all optically anisotropic layers 1 if two elliptically polarizing plates are used) is not larger than 10 nm in the 
so wavelength region of 400 to 700 nm. The elliptically polarizing plate in which the optically anisotropic layers 1 and 2 
and the polarizing membrane are arranged according to the invention can easily realize that condition. 
[0378] In the first optically anisotropic layer, the molecules of discotic compound are preferably aligned so that the 
angle between the disc plane and the transparent support may be changed along the thickness (namely, the molecules 
are preferably oriented in hybrid alignment). The optical axis of the discotic molecule is parallel to the normal of the 
55 disc plane. The discotic compound has birefringence, and hence the refractive index in the disc plane is lager than 
that along the normal of the disc plane. 

[0379] The first optically an isotropic layer is preferably formed through the steps of aligning the molecules of discotic- 
compound with the orientation layer described below, and fixing the aligned molecules. The aligned discotic molecules 
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are preferably polymerized to fix. 

[0380] There is no direction giving the retardation value 0 of the first optically anisotropic layer. In other words, the 
minimum retardation value of the first optically anisotropic layer Is more than 0. 

[0381] The orientation layer has a function of giving an orientation direction of the discotic molecules in the first 
optically anisotropic layer. Preferred examples of the orientation layer include a layer of an organic compound (pref- 
erably polymer) subjected to rubbing treatment, an obliquely deposited layer of an inorganic compound, and a layer 
having micro grooves. Further, a built-up film formed according to Langmuir-BIodgett technique (LB technique) from 
w-tricosanoic acid, dioctadecyldimethylammoniumchloride or methyl stearate can be used as the orientation layer. In 
addition, a layer prepared by orienting dielectric materials by application of electric field or magnetic field can be em- 
ployed as the orientation layer. 

[0382] The orientation layer is preferably made of a polymer subjected to rubbing treatment. As the polymer, polyvinyl 
alcohol is preferred. Particularly, denatured polyvinyl alcohol having hydrophobic groups is preferred. Since hydropho- 
bic group has affinity with the discotic compound In the first optically anisotropic layer, the discotic compound can be 
uniformly aligned with the hydrophobic groups introduced into polyvinyl alcohol. The hydrophobic group Is attached to 
the side chain or the end of the main chain of polyvinyl alcohol. 

[0383] The hydrophobic group preferably is an aliphatic group (more preferably an alkyi group or an alkenyl group) 
having 6 or more carbon atoms or an aromatic group. 

[0384] In the case where the hydrophobic group Is attached to the end of the main chain, a linking group Is preferably 
introduced between the hydrophobic group and the end of the main chain. Examples of the linking group include -S-, 
-C(CN)R^-, -NR2-, -CS- and combinations thereof. Each of and R2 Is hydrogen or an alkyI group having 1 to 6 
carbon atoms (preferably is an alkyI group having 1 to 6 cartDon atoms). 

[0385] In the case where the hydrophobic group is attached to the side chain, the acetyl group (-CO-CH3) of the vinyl 
acetate units in polyvinyl alcohol is partially replaced with an acyl group (-C0-R3) having 7 or more cariaon atoms. R3 
is an aliphatic group having 6 or more carbon atoms or an aromatic group. Commercially available denatured polyvinyl 
alcohols (e.g., MP103, MP203, R1130, Kuraray Co.. Ltd.) can be used, 

[0386] The (denatured) polyvinyl alcohol has a saponification degree preferably of 80% or more. The (denatured) 
polyvinyl alcohol has a polymerization degree preferably of 200 or more. 

[0387] The mbbing treatment can be conducted by rubbing the layer with paper or cloth several times along a certain 
direction. Cloth on which fibers having the same length and thickness are provided is preferably used. 
[0388] After the discotic molecules In the first optically anisotropic layer are aligned with the orientation layer, they 
can keep the alignment even if the orientation layer is removed. Therefore, the orientation layer is not essential in a 
prepared elliptically polarizing plate though it is essential in the preparation of the plate. 

[0389] In the case where the orientation layer is provided between the optically anisotropic layers 1 and 2, an un- 
dercoating layer (an adhesive layer) is preferably provided between the orientation layer and the second optfcally 
anisotropic layer. 

[0390] The second optically anisotropic layer comprises at least one cellulose acetate film. The thickness of the 
cellulose acetate film is preferably in the range of 10 to 70 ^m. In the invention, the aimed optical characters are 
preferably realized with a single cellulose acetate film, two cellulose acetate films or a layered composition of cellulose 
acetate film and polymerizable liquid crystal compound. If the second optically anisotropic layer comprises two sub- 
layers (for example, two cellulose acetate films), an intermediate layer (e.g.. adhesive layer) may be provided between 
them. In the second optically anisotropic layer consisting of two or more sub-layers, the sub-layers cooperatively realize 
the aimed optical characters. 

[0391] The Re retardation value of the cellulose acetate film can be increased by stretching the film. On the other 
hand, the Rth retardation value can be increased by (1 ) adding a retardation increasing agent, (2) adjusting the average 
acetic acid content of the cellulose acetate, and (3) fonning the film according to the cooling dissolution method. 
[0392] The cellulose acetate film may be used as a support, and a polymerizable liquid crystal layer containing 
horizontally aligned liquid crystal molecules may be provided thereon. 

[0393] As the polymerizable liquid crystal compound, rod-like or discotic liquid crystal compounds are prefen-ed. In 
consideration of controlling the Rth retardation value, a discotic liquid crystal compound is prefen-ed. 
[0394] The elliptically polarizing plate can be continuously produced In the following manner. 
[0395] First, an orientation layer Is fomied on a cellulose acetate film (second optically anisotropic layer) beforehand 
controlled to have desired Re and Rth retardation values. While the film is being conveyed in the direction parallel to 
the slow axis, the fomned orientation layer is then rubbed (rubbing treatment) at the angle of AS^ to the conveying 
direction (which correspond to the slow axis). Nest, a layer of discotic compound (first optk^ally anisotropic layer) is 
fonned on the orientation layer, and then the film Is wound up. The cellulose acetate surface of the film is saponified, 
and laminated on a polarizing membrane with an adhesive. (On the other surface of the film, a saponified commercially 
available triacetyl cellulose film is laminated with an adhesive.) 

[0396] In the case where the second optically anisotropic layer comprises two cellulose acetate films, tfie discotic 
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compound is applied on one cellulose acetate film to form a first optically anisotropic layer In the above manner. A thin 
film is then laminated on the first optically anisotropic layer to protect the layer from scratching and dust, and then the 
layered film is wound up. 

[0397] Independently, the other cellulose acetate film is saponified, and laminated on a polarizing membrane with 
5 an adhesive. (On the other surface of the film, a saponified commercially available triacetyl cellulose film is laminated 
with an adhesive.) 

[0398] The layered film having the polarizing membrane and the wounded layered film having the thin film are then 
. laminated so that the cellulose acetate surface of each layered film may be In contact. 
[0399] In the case where the second optically anisotropic layer comprises a cellulose acetate film and a polymerizable 
10 liquid crystal, the discotic compound is applied on a cellulose acetate film to form a first optically anisotropic layer in 
the above manner. A thin film Is then laminated on the first optically anlsotroplclayer to protect the layer from scratching 
and dust, and then the layered film is wound up. 

[0400] Independently,, an orientation film made of cellulose acetate is prepared, A layer containing horizontally aligned 
discotic molecules is formed on the orientation film, and the film is then saponified. The film is laminated on a polarizing 
15 membrane with an adhesive. (On the other surface of the film, a saponified commercially available triacetyl cellulose 
film is laminated with an adhesive.) 

[0401] The film having the polarizing membrane and the wounded layered film having the thin film are then laminated 
so that the cellulose acetate surface of each layered film may be In contact. 

[0402] The elliptically polarizing plate of the invention is advantageously combined with a liquid crystal cell of bend 
20 alignment mode or horizontal alignment mode, to prepare a liquid crystal display. 

[0403] In the liquid crystal cell of bend alignment mode, liquid crystal molecules in the central area of the cell may 
be oriented in twisted alignment. 

[0404] For ensuring both brightness and a wide viewing angle, the liquid crystal cell of bend alignment mode has a 
product (An-d) of refractive anisotropy (An) and thickness (d) of the cell preferably in the range of 100 to 2,000 nm, 
25 more preferably in the range of 150 to 1 ,700 nm, most preferably in the range of 500 to 1 ,500 nm. 

[0405] The liquid crystal cell of bend alignment mode can work according to normally white (NW) mode or normally 
black (NB) mode. 



[Example 1] 

30 

[0406] The following components were placed in a mixing tank, heated and stirred to dissolve, to prepare a cellulose 
acetate solution. 



Cellulose acetate solution 


Cellulose acetate (acetic acid content: 60.9 %) 
Triphenyl phosphate (plasticizer) 
Biphenyldlphenyl phosphate (plasticizer) 
Methylene chloride (first solvent) 
Methanol (second solvent) 
1 -Butano! (third solvent) 


1 00 weight parts 

7.8 weight parts 

3.9 weight parts 
300 weight parts 

54 weight parts 
11 weight parts 



[0407] In another mixing tank. 1 6 weight parts of the following retardation Increasing agent, 80 weight parts of meth- 
ylene chloride and 20 weight parts of methanol were placed, heated and stirred, to prepare a retardation increasing 

agent solution. 

[0408] The cellulose acetate solution (474 weight parts) and the retardation increasing agent solution (25 weight 
parts) were mixed and stirred well to prepare a dope. The prepared dope contained the retardation increasing agent 
in the amount of 5.5 weight parts based on 100 weight parts of cellulose acetate. 
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[041 0] The dope was cast on a band to form a film in which the solvent remained in the amount of 1 5 wt.%. The film 
was laterally stretched by 25% at 130«C by means of a tenter Thus, a cellulose acetate film (optical compensatory 
sheet: KH-01) was prepared. 

[041 1 ] The Re and Rth retardation values of the prepared cellulose acetate film were measured at 550 nm by means 
of an ellipsometer [M-150, JASCO], to obtain the values of Re550 and RthSSO. The results are set forth in Table 1 . 
[041 2] The thickness of the prepared film was measured at 1 00 points in an area of 1. m x 1 m by means of a digital 
film thickness gauge (K-402B. Anristu Co., Ltd.), and thereby it was found that the average thickness was 52.0 jim 
and that the standard deviation was 1 .5 p/n, 

[Example 2] 

[041 3] The procedure of Example 1 was repeated except that 474 weight parts of the cellulose acetate solution and 
56 weight parts of the retardation increasing agent solution were mixed (7.8 weight parts of the retardation increasing 
agent was used based on 100 weight parts of cellulose acetate) to prepare a dope, and except that the formed film 
was laterally stretched by 12%. Thus, a cellulose acetate film (optical compensatory sheet: KH-02) was prepared and 
evaluated. The results are set forth in Table 1 . 

[0414] The obtained film was immersed in a 1.5 N aqueous KOH solution for 5 minutes (40*»C), neutralized with 
sulfuric acid, washed with pure water, and dried. The surface energy of the thus-treated film was measured according 
to the contact angle method, to find 68 mN/m, 

[041 5] The thickness of the prepared film was measured at 1 00 points in an area of 1 m x 1 m by means of a digital 
film thickness gauge (K-402B. Anristu Co., Ltd.). and thereby it was found that the average thickness was 40.0 um 
and that the standard deviation was 1.8 p,m. 

[041 6J On the cellulose acetate film, a coating solution of the following composition was then applied in the amount 
of 28 ml/m2 by means of a wire bar coater of #1 6. The applied solution was dried with hot air at 60'C for 60 seconds, 
and then further dried with hot air at 90''C for 150 seconds. 



so 



Coating solution for orientation film 


The following denatured polyvinyl alcohol 

Water 

Methanol 

Glutaric aldehyde (crossllnking agent) 


10 weight parts 
371 weight parts 
1 1 9 weight parts 

0.5 weight part 
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(Denatured polyvinyl alcohol) 
[0417] 

5 

— (CHg— CH)67.8 — — (CH2— CH)o.2 — — (CHg— CH)i2.0 — 
OH 6 6-CO-CH3 

CO 



10 




^5 0-(CH2)4-0~CO"CH=CH2 

[0418] The formed orientation layer was subjected to the rubbing treatment In which the rubbing direction was at the 
angle of 45' to the slow axis (measured at 632.8 nm) of the cellulose acetate film. 

20 

(Formation of optically anisotropic layer) 

[0419] To prepare a coating solution, 41 .01 g of the following discotic (liquid crystal) compound, 4.06 g of trimethy- 
lolpropane triacrylate denatured with ethylene oxide (V#360, Osaka Organic Chemicals Co., Ltd.), 0.90 g of cellulose 

25 acetate butyrate (CAB-551-0.2, Eastman Chemical), 0.23 g of cellulose acetate butyrate (CAB-531 -1 , Eastman Chem- 
ical), 1.35 g of a photopolymerization initiator (Irgacure 907, Ciba-Geigy) and 0.45 g of a sensitizer (Kayacure DETX, 
Nippon Kayaku Co., Ltd.) were dissolved in 102 g of methyl ethyl ketone. The coating solution was then applied on 
the orientation film by means of a wire bar coater of #3. The thus-treated film was fixed on a metal frame, and maintained 
In a thermostat at 130°C for 2 minutes to align the molecules of the discotic compound. The film was then irradiated 

30 at 1 30°C for 1 minute with ultraviolet rays emitted from a high pressure mercury lamp of 1 20 W/cm, to polymerize the 
discotic compound. The film was cooled to room temperature. Thus, an optical compensatory sheet (KH-12) having 
an optically anisotropic layer was formed. 

[0420] The Re retardation value was measured at 550 nm, and found 38 nm. The average angle (inclined angle) 
between the disc plane and the cellulose acetate film was 40°. 

35 

(Discotic liquid crystal compound) 
[0421] 



45 



50 




[Example 3] 

55 

[0422] The procedure of Example 1 was repeated except that 6.0 weight parts of the retardation increasing agent 
was used based on 100 weight parts of cellulose acetate to prepare a dope, and except that the formed film was 
laterally stretched by 30%. Thus, a cellulose acetate film (optical compensatory sheet: KH-03) was prepared and eval- 
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uated. The results are set forth in Table 1 . 

[0423] The obtained film was immersed in a 2,0 N aqueous KOH solution for 2 minutes (25°C). neutralized with 
sulfuric acid, washed with pure water, and dried. The surface energy of the thus-treated film was measured according 
to the contact angle method, to find 63 mN/m. 
5 [0424] The thickness of the prepared film was measured at 1 00 points in an area of 1 m x 1 m by means of a digital 
film thickness gauge (K-402B. Anristu Co., Ltd.). and thereby It was found that the average thickness was 38.5 \im 
and that the standard deviation was 1 .4 ^m. 

[Comparative Example 1] 

10 

[0425] The procedure of Example 1 was repeated except that the cellulose acetate solution was directly used as a 
dope and that the film was not stretched, to fomi and evaluate a cellulose acetate film (optical compensatory sheet: 
KH-H1), The results are set forth in Table 1 . 

[0426] The thickness of the prepared film was measured at 1 GO points in an area of 1 m x 1 m by means of a digital 
IS film thickness gauge {K-402B, Anristu Co.. Ltd.), and thereby rt was found that the average thickness was 80.5 urn 
and that the standard deviation was 1 .7 \im. 



TABLE 1 



Film 


Retardation 


Stretching 


Re550 


Rth550 




increasing agent 


ratio 






Example 1 KH-01 


5.5 weight parts 


25% 


40 nm 


130 nm 


Example 2 KH-02 


7.8 weight parts 


12% 


20 nm 


110 nm 


Example 3 KH-03 


6.0 weight parts 


30% 


50 nm 


130 nm 


Comp.Ex.1 KH-H1 






4 nm 


48 nm 



[Example 4] 



[0427] Iodine was adsorbed on a stretched polyvinyl alcohol film to prepare a polarizing membrane. The optical 
compensatory sheet (KH-01) prepared in Example 1 was then laminated on one surface of the polarizing membrane 
with a polyvinyl alcohol adhesive. 

[0428] On the other surface of the membrane, a commercially available cellulose triacetate film [Fujitac TD80UF, 
Fuji Photo Film Co., Ltd.] was saponified and laminated with a polyvinyl alcohol adhesive. * 

[0429] The transmission axis of the polarizing membrane was placed parallel to the slow axis of the optical compen- 
satory sheet (KH^1 ) prepared in Example 1 . and perpendicular to the stow axis of the commercially available cellulose 
triacetate film. Thus, a polarizing plate was prepared. 

[Example 5] 

[0430] Iodine was adsorbed on a stretched polyvinyl alcohol film to prepare a polarizing membrane. The optical 
compensatory sheet (KH-02) prepared in Example 2 was then laminated on one surface of the polarizing membrane 
with a polyvinyl alcohol adhesive so that the slow axis of the sheet might be parallel to the transmission axis of the 
membrane. 

[0431] On the other surface of the membrane, a commercially available cellulose triacetate film [Fujitac TD80UF, 
Fuji Photo Film Co., Ltd.] was saponified and laminated with a polyvinyl alcohol adhesive. 

[0432] Further, the optical compensatory sheet (KH-12) prepared In Example 2 was laminated on the KH-02 side 
with an adhesive so that the slow axis of KH-1 2 might be parallel to that of KH-02. Thus, a polarizing plate was prepared. 

[Example 6] 

[0433] The procedure of Example 4 was repeated except that the optical compensatory sheet (KH-03) prepared in 
Example 3 was used, to prepare a polarizing plate. 



55 



[Example 7] 

[0434] A pair of polarizing plates and a pair of optical compensatory sheets were removed from a commercially 
available liquid crystal display (VL-1530S. Fujitsu. Ltd.). which has a liquid crystal ceil comprising vertically aligned 
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liquid crystal molecules. In place of the removed members, the polarizing plate prepared In Example 4 was laminated 
on the observer side of the cell with an adhesive so that the KH-01 (optical compensatoiy sheet prepared In" Example 
1 ) might be on the liquid crystal cell side. On the other side (backlight side) of the cell . a commercially available polarizing 
plate (HLC2-561 8HCS. Sunritz Co., Ltd.) was laminated. The polarizing plate on the observer side was placed so that 
5 the transmission axis might be in the up-down direction, while the plate on the backlight side was placed so that the 
transmission axis might be in the left-right direction. Thus, the polarizing plates were arranged in cross-Nicol position. 
[0435] The viewing angle of the prepared liquid crystal display was measured by means of a measuring apparatus 
(EZ-Contrast 160D, ELDIM) when each of eight tones of black (LI) to white (LB) was displayed. The results are set 
forth in Table 2. 

10 

[Comparative Example 2) 

[0436] The viewing angle of the commercially available liquid crystal display (VL-15305, Fujitsu, Ltd.), which has a 
liquid crystal cell comprising vertically aligned liquid crystal molecules, was measured by means of a measuring ap- 
is paratus (EZ-Contrast 160D, ELDIM) when each of eight tones of black (L1) to white (LB) was displayed. The results 
are set forth in Table 2. 



TABLE 2 



Liquid crystal display 


Viewing angle* 




along the transmission axis 


at 45° to the transmission axis 


Example 7 
Comp. Ex. 2 


> SO'* 

> ao** 


>80° 
440 



Remarks: 



*) Viewing angle: 

Angle range giving a contrast ratio of 10 or more without reversing blacic tones (between LI and 1^). 

(Evaluation of increase of transmittance at the peripheral part of the screen) 

[0437] A pair of polarizing plates were removed from a commercially available liquid crystal display of 1 5 inches type 
(VL-1530S, Fujitsu, Ltd.), which has a liquid crystal cell comprising vertically aligned liquid crystal molecules. In place 
of the removed members, the polarizing plate prepared in Example 4 was laminated on each side (each of the backlight 
side and the observer side) of the cell with an adhesive so that the optical compensatory sheet might be on the liquid 
crystal cell side. The polarizing plates were placed so that the transmission axis of the plate on the observer side might 
be perpendicular to that on the backlight side. 

[0438] The backlight of the prepared display had been kept on for 5 hours under the conditions of 25°C and 60%RH. 
After that, while ablack image was displayed on the whole screen, it was observed with the eyes in a dark room whether 
light leaked or not As a result, it was confirmed that the display of 15 inches type equipped with the polarizing plate 
of Exannple 4 did not leak light at the peripheral part of the screen. 

[Example 8] 

(Preparation of liquid crystal cell of bend alignment mode) 

[0439] On a glass plate having an ITO electrode, an orientation film of polyimide was provided and subjected to a 
rubbing treatment. This procedure was repeated to prepare two substrates, and the substrates were arranged face- 
to-face so that the rubbing directions might be parallel and that the cell gap might be 6 \im. Between them, a liquid 
crystal having An of 0. 1 396 (ZL1 11 32, Merck & Co. , 1 nc.) was Introduced to prepare a liquid crystal cell of bend alignment. 
[0440] Two elllptically polarizing plates prepared In Example 5 were laminated on the liquid crystal cell so that the 
cell might be between the plates. The plates were arranged so that the optically anisotropic layer in each plate might 
face to the cell substrate and that the rubbing directions of the cell and the optically anisotropic layer might be ant- 
parallel. 

[0441] Voltage of a square wave (55 Hz) was applied to the liquid crystal cell. An image was displayed according to 
normally white mode (white: 2V, black: 5V). A ratio of the transmittance (white/black) was measured as a contrast ratio 
by means of a meter (EZ-Contrast 160D, ELDIM) at eight displaying states of LI (full black) to L8 (full white). From the 
obtained contrast ratio, the viewing angle of the prepared liquid crystal display was measured. The results are set forth 
in Table 3. 
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TABLE 3 



Viewing angle* 


LCD 


Upward 


Downward 


Left-rightward 


Example 8 


80° 


80° 


80° 



Remark: 

*) Viewing angle: 

Angle range giving a contrast ratio of 10 or more without reversing blacic tones (between LI and 1.2). 



(Evaluation of increase of transmittance at the peripheral part of the screen) 

[0442] A 17 inches type liquid crystal cell of bend alignment mode equipped with two polarizing plates of Example 
5 was prepared in the above manner. 

[0443] A backlight was attached on the prepared cell, and had been kept on for 5 hours under the conditions of 25°C 
and 60%RH. After that, while a black image was displayed on the whole screen, it was observed with the eyes in a 
dark room whether light leaked or not. As a result, it was confinned that the cell equipped with the polarizing plates of 
Example 5 did not leak light at the peripheral part of the screen. 

[Example 9] 

[0444] A pair of polarizing plates were removed from a commercially available liquid crystal display (6E-A3, Sharp 
Corporation), which had a liquid crystal cell of TN mode. In place of the removed members, the polarizing plate prepared 
In Example 6 was laminated on each side (each of the backlight side and the observerside) of the cell with an adhesive 
so that the KH-03 (optical compensatory sheet prepared in Example 3) might be on the liquid crystal cell side. The 
polarizing plates were arranged so that the transmission axes might be in 0-mode position (be perpendicularly crossed), 
[0445] The viewing angle of the prepared liquid crystal display was measured by means of a measuring apparatus 
(EZ-Contrast 160D, ELDIM) when each of eight tones of black (LI) to white (L8) was displayed. The results are set 
forth in Table 4. 

[Comparative Example 3] 

[0446] The viewing angle of the commercially available liquid crystal display (6E-A3, Sharp Corporation), which has 
a liquid crystal cell of TN mode, was measured by means of a measuring apparatus (EZ-Contrast 1 60D. ELDIM) when 
each of eight tones of black (LI) to white {L8) was displayed. The results are set forth in Table 4. 



TABLE 4 



Viewing angle* 


LCD 


Upward 


Downward 


Left-rightward 


Example 9 


18° 


23° 


77" 


Comp. Ex. 3 


15° 


25° 


37'> 



Remark: 

"•) Viewing angle: 

Angle range giving a contrast ratio of 10 or more without reversing black tones (between L1 and 1.2). 



(Evaluation of increase of transmittance at the peripheral part of the screen) 

[0447] A pair of polarizing plates were removed from a commercially available liquid crystal display of 20 Inches type 
{LC-20V1, Sharp Corporation), which had a liquid crystal cell of TN mode. In place of the removed members, the 
polarizing plate prepared in Example 6 was laminated on each side (each of the backlight side and the observer side) 
of the cell with an adhesive so that the optical compensatory sheet might be on the liquid crystal cell side. The polarizing 
plates were placed so that the transmission axis of the plate on the observer side might be perpendicular to that on 
the backlight side. 

[0448] The backlight of the prepared display had been kept on for 5 hours under the conditions of 25°C and 60%RH. 
After that, while a black image was displayed on the whole screen, it was observed with the eyes in a dari< room whether 
light leaked or not. As a result, it was confimied that the display of 20 inches type equipped with the polarizing plate 
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of Example 6 did not teak light at the peripheral part of the screen. 
[Example 10) 

[0449] The following components were placed in a mixing tank, heated and stirred to dissolve, to prepare a cellulose 
acetate solution. 





Cellulose acetate solution 


10 


Cellulose acetate (acetic acid content: 60.9 %) 


1 00 weight parts 




Triphenyl phosphate (plasticizer) 


7.8 weight parts 




Biphenyldiphenyl phosphate (plasticizer) 


3.9 weight parts 




Methylene chloride (first solvent) 


300 weight parts 




Methanol (second solvent) 


54 weight parts 


15 


1-Butanol (third solvent) 


1 1 weight parts 



[0450] In another mixing tank, 1 6 weight parts of the retardation Increasing agent used in Example 1 . 80 weight parts 
of methylene chloride and 20 weight parts of methanol were placed, heated and stirred, to prepare a retardation in- 
creasing agent solution. 

[0451] The cellulose acetate solution (468 weight parts) and the retardation increasing agent solution (32 weight 
parts) were mixed and stirred well to prepare a dope. The prepared dope contained the retardation increasing agent 
In the amount of 4.5 weight parts based on 100 weight parts of cellulose acetate. 

[0452] The prepared dope was cast on a band by means of a band casting machine. When the temperature of the 
dope on the band reached 40°C, the formed film was dried for 1 minute. After peeled from the band, the film was 
uniaxlally (laterally) stretched by 35% with a tenter while exposed to drying air at 130°C. The film was then unlaxially 
(longitudinally) stretched by 10% In the conveying direction while exposed to drying air at MO'C. The thus stretched 
film was further dried with air at 130*C for about 15 minutes, to prepare a cellulose acetate film (thickness: 50 ^m) in 
which the solvent remained in the amount of 0.3 wt.%. 

[0453] The Re and Rth retardation values of the prepared cellulose acetate film (KH-04) were measured at 550 nm 
by means of an ellipsometer [M-150, JASCO], to obtain the values of Re550 and RthSSO. The results are set forth in 
Table 5. 

[Example 11] 

[0454] The dope prepared in Example 10 was cast on a band by means of a band casting machine. When the 
temperature of the dope on the band reached 40''C, the fomned film was dried for 1 minute. After peeled from the band, 
the film was uniaxially (laterally) stretched by 20% with a tenter while exposed to drying air at ISO^'C. The film was 
then uniaxially (longitudinally) stretched by 8% in the conveying direction while exposed to drying air at MO'^C. The 
thus stretchedfilm was further dried with air at 1 30°C for about 1 5 minutes, to prepare a cellulose acetate film (thickness: 
58 |im) in which the solvent remained in the amount of 0.3 wt.%. 

[0455] The Re and Rth retardation values of the prepared cellulose acetate film (KH-05) were measured at 550 nm 
by means of an ellipsometer [M-150, JASCO], to obtain the values of Re550 and Rth550. The results are set forth In 
Table 5. 

[0456] The obtained film was immersed in a 2.0 N aqueous KOH solution for 2 minutes (25°C), neutralized with 
sulfuric acid, washed with pure water, and dried. The surface energyof the thus-saponified film was measured according 
to the contact angle method, to find 63 mN/m. 

[0457] On the cellulose acetate film, the coating solution used in Example 2 was then applied in the amount of 28 
ml/m2 by means of a wire bar coater of #16, The applied solution was dried with hot air at 60*C for 60 seconds, and 
then further dried with hot air at 90°C for 150 seconds. 

[0458] The fomied layer was subjected to the rubbing treatment in which the rubbing direction was at the angle of 
45'' to the longitudinal direction of the cellulose acetate film. 

(Formation of optically anisotropic layer) 

[0459] To prepare a coating solution, 41 .01 g of the discotic (liquid crystal) compound used in Example 2, 4.06 g of 
trimethylolpropane triacrylate denatured with ethylene oxide (\/#360, Osaka Organic Chemicals Co.. Ltd.), 0.90 g of 
cellulose acetate butyrate (CAB-551-0.2, Eastman Chemical), 0.23 g of cellulose acetate butyrate (CAB-531-1 , East- 
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man Chemical), 1 .35 g of a photopolymerization initiator (Irgacure 907, Ciba-Geigy) and 0.45 g of a sensitizer (Kayacure 
DETX. Nippon Kayaku Co., Ltd.) were dissolved in 1 02 g of methyl ethyl ketone. The coating solution was then applied 
on the orientation layer by means of a wire bar coater of #3.6. The thus-treated film was heated in a thermostat at 
130°C for 2 minutes to align the molecules of the discotic compound. The film was then irradiated at 60°C for 1 minute 
5 with ultraviolet rays emitted from a high pressure mercury lamp of 120 W/cm, to polymerize the discotic compound. 
The film was cooled to room temperature. Thus, an optical compensatory sheet (KH-1 5) having an optically anisotropic 
layer was formed. 

[0460] The Re retardation value was measured at 550 nm, and found 43 nm. The average angle (inclined angle) 
between the disc plane and the cellulose acetate film was 42*». 

10 

[Example 12] 

[0461] The following components were placed in a mixing tank, heated and stin-ed to dissolve, to prepare a cellulose 
acetate solution. 

15 





Cellulose acetate solution 




Cellulose acetate (acetic acid content: 60.7 %) 


100 weight parts 




Polyesterurethane (B-326, Sumitomo Bayem Co., Ltd.; 


16 weight parts 


20 


Desmocol 176) 






Methylene chloride (first solvent) 


300 weight parts 




Methanol (second solvent) 


54 weight parts 




1 -Butanol (third solvent) 


11 weight parts 



[0462] In another mixing tank, 1 5 weight parts of the retardation increasing agent used in Example 1 , 80 weight parts 
of methylene chloride and 20 weight parts of methanol were placed, heated and stirred, to prepare a retardation in- 
creasing agent solution. 

[0463] The cellulose acetate solution (474 weight parts) and the retardation increasing agent solution (26 weight 
parts) were mixed and stirred well to prepare a dope. The prepared dope contained the retardation increasing agent 
in the amount of 3.5 weight parts based on 100 weight parts of cellulose acetate. 

[0464] The prepared dope was cast on a band by means of a band casting machine. When the temperature of the 
dope on the band reached 40*'C. the fomned film was dried for 1 minute. After peeled from the band, the film was 
laterally stretched by 40% with a tenter while the solvent remained in the amount of 15 wt.%. The film was then longi- 
tudinally stretched by 28% while exposed to drying air at 130°C so that the solvent might remain in the amount of 5 
wt,%. The thus stretched film was further dried with air at 1 40°C, to prepare a cellulose acetate film (thickness: 40 ^m) 
in which the solvent remained in the amount of 0.3 wt.%. 

[0465] The Re and Rth retardation values of the prepared cellulose acetate film (KH-06) were measured at 550 nm 
by means of an ellipsometer [M-150, JASCO], to obtain the values of Re550 and Rth550. The results are set forth in 
Table 5, ' 

[0466] The prepared film was saponified, and an orientatlon layer and an optically anisotropic layer were provided 
thereon to produce an optical compensatory sheet (KH-1 6) in the same manner as Example 11 . 

[Example 13] 

[0467] The following components were placed in a mixing tank, heated and stirred to dissolve, to prepare a cellulose 
acetate solution. 





Cellulose acetate solution 


50 


Cellulose acetate (acetic acid content: 60.7 %) 


100 weight parts 




Methylene chloride (first solvent) 


300 weight parts 




Methanol (second solvent) 


54 weight parts 




1 -Butanol (third solvent) 


11 weight parts 


55 


Boron nitride powder (highly thermo-conductive particles) 


30 weight parts 



[0468] In another mixing tank, 1 6 weight parts of the retardation Increasing agent used In Example 1 . 80 weight parts 
of methylene chloride and 20 weight parts of methanol were placed, heated and stirred, to prepare a retardation In- 
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creasing agent solution. 

[0469] The cellulose acetate solution (474 weight parts) and the retardation increasing agent solution (25 weight 
parts) were mixed and stirred well to prepare a dope. The prepared dope contained the retardation increasing agent 
in the amount of 3.5 weight parts based on 100 . weight parts of cellulose acetate. 

5 [0470] The prepared dope was cast on a band by means of a band casting machine. When the temperature of the 
dope on the band reached 40°C, the formed film was dried for 1 minute. After peeled from the band, the film was 
uniaxially (laterally) stretched by 38% with a tenter while exposed to drying air at 140**C. The thus stretched film was 
dried with air at 1 35*»C for about 20 minutes; to prepare a cellulose acetate film {thickness: 65 ^m) in which the solvent 
remained in the amount of 0.3 wt.%. 

10 [0471] The thermal conductivity of the prepared cellulose acetate film was measured in the following manner, to find 
1.2W/(m-K). 

[0472] The sample film is placed between. a copper heater case and a copper plate in TO-3 type hater, and is pressed 
by 10%. The film is then kept for 4 minutes while the copper heater case is electrified at 5 W, and the temperature 
difference between the case and the plate Is measured. From the obtained date, the thermal conductivity is calculated 
15 according to the fomriula: 

Thermal conductivity {W/(m-K)} = {electric power (W) x 
20 thickness (m)}/{temperature difference (K) x measured area 

(m^)}. 

[0473] The Re and Rth retardation values of the prepared cellulose acetate film (KH-07) were measured at 550 nm 
25 by means of an ellipsometer [M-150, JASCO], to obtain the values of Re550 and RthSSO. The results are set forth in 
Table 5. 

[0474] The obtained cellulose acetate film (KH-07) was immersed in a 1 .5 N aqueous KOH solution for 5 minutes 
(40°C), neutralized with sulfuric acid, washed with pure water, and dried. The surface energy of the thus-saponified 
film was measured according to the contact angle method, to find 68 mN/m. 

30 

(Formation of orientation layer) 

[0475] On the prepared cellulose acetate film, a coating solution for orientation layer used In Example 2 was applied 
by means of a wire-bar coater #16 in the amount of 28 ml/m^. The applied solution was dried with hot air at 60*'C for 
35 60 seconds, and then further dried with hot air at 90**C for 1 50 seconds. 

[0476] The formed orientation layer was subjected to the rubbing treatment in which the rubbing direction was at the 
angle of 45° to the slow axis (measured at 632.8 nm) of the cellulose acetate film. 

(Preparation of liquid crystal compound) 

40 

[0477] A liquid crystal polymer was synthesized, and it was confimned that the polymer was oriented in homeotropk: 
alignment on a substrate not subjected to orienting treatment. 

[0478] For synthesizing the polymer, 1 0 mmol of 4-n-heptyl benzoic acid, 95 mmol of terephthalic acid, 50 mmol of 
methylhydroquinone diacetate, 50 mmol of catechol diacetate and 100 mg of $odlum acetate were used to perform 

45 polymerization at 270'C for 12 hours under nitrogen atmosphere. The reaction product was dissolved In tetrachlo- 
roethane, and re-precipitated with methanol to obtain 22.0 g of liquid crystal polyester. The prepared liquid crystal 
polyester had the logarithmic viscosity of 0.15, and formed a nematic phase as a liquid crystal phase. The phase 
transition temperature between the isotropic phase and the liquid crystal phase was observed at 240"C, and the glass 
transition point was found at 75*0. 

50 [0479] A 10 wt.% solution of the liquid crystal polyester dissolved in a mixed solvent of phenol/tetrachloroethane 
(6/4, by weight) was prepared, and applied on a plate of soda glass according to the bar-coat method. After the solvent 
was removed, the applied polyester was subjected to heat treatment at 1 90°C for 30 minutes, and then left at room 
temperature to cool and fix. As a result, an evenly oriented liquid crystal film having the thickness of 1 5 p,m was prepared. 
The film was observed through a conoscope, and thereby It was found that the liquid crystal polymer had positive 

55 uniaxiallty to form homeotropc alignment. 
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(Formation of optically anisotropic layer) 

[0480] An 8 wt.% tetrachloroethane solution of the liquid crystal polyester was prepared, and applied on the above 
orientation layer according to the spin-coat method. After the solvent was removed, the applied polyester was subjected 
to heat treatment at 1 90°C for 20 minutes, and then left at room temperature to cool and fix. The thus-formed optical 
compensatory sheet (KH-17) was transparent, and had no aligning defect and an even thickness (1 .55 \um). 

[Comparative Example 4] 

[0481] The procedure of Example 1 0 was repeated except that the cellulose acetate solution was directly used as 
a dope and that the film was not stretched, to fonn and evaluate a cellulose acetate film (optical compensatory sheet: 
KH-H2) containing the remaining solvent in the amount of 3.0 wt.% and the thickness of 80 jun. The results are set 
forth in Table 5. 



15 



20 



25 



30 



35 



40 



TABLE 5 





Film 


Retardation increasing agent 


Re550 


Rth550 


Example 10 


KH-04 


4.5 weight parts 


45 nm 


135 nm 


Example 1 1 


KH-05 


4.5 weight parts 


35 nm 


125 nm 


Example 1 2 


KH-06 


3.5 weight parts 


25 nm 


120 nm 


Example 13 


KH-07 


3.5 weight parts 


50 nm 


90 nm 


Comp. Ex. 4 


KH-H2 




4 nm 


48 nm 



[Example 14] 

[0482] Iodine was adsorbed on a stretched polyvinyl alcohol film to prepare a polarizing membrane. The optical 
compensatory sheet {KH-04) prepared In Example 10 was then laminated on one surface of the polarizing membrane 
with a polyvinyl alcohol adhesive. 

[0483] On the other surface of the membrane, a commercially available cellulose triacetate film [Fujitac TD80UF, 
Fuji Photo Film Co., Ltd.] was saponified and laminated with a polyvinyl alcohol adhesive. 

[0484] The transmission axis of the polarizing membrane was placed parallel to the slow axis of the optical compen- 
satory sheet (KH-04). Thus, a polarizing plate was prepared. 

[Example 15] 

[0485] Iodine was adsorbed on a stretched polyvinyl alcohol film to prepare a polarizing membrane. The optical 
compensatory sheet (KH-15) prepared in Example 11 was then laminated on one surface of the polarizing membrane 
with a polyvinyl alcohol adhesive so that the cellulose acetate film (KH-05) (support of the compensatory sheet) might 
be on the polarizing membrane side and so that the slow axis of the sheet might be parallel to the transmission axis 
of the membrane. 

[0486] On the other surface of the membrane, a commercially available cellulose triacetate film [Fujitac TD80UF, 
Fuji Photo Film Co., Ltd.] was saponified and laminated with a polyvinyl alcohol adhesive. Thus, a polarizing plate was 
prepared. 
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[Example 16] 

[0487] Iodine was adsorbed on a stretched polyvinyl alcohol film to prepare a polarizing membrane. The optical 
compensatory sheet (KH-16) prepared in Example 12 was then laminated on one surface of the polarizing membrane 
with a polyvinyl alcohol adhesive so that the cellulose acetate film (KH-06) (support of the compensatory sheet) might 
be on the polarizing membrane side and so that the slow axis of the sheet might be parallel to the transmission axis 
of the membrane. 

[0488] On the other surface of the membrane, a commercially available cellulose triacetate film [Fujitac TDBOUF, 
Fu]l Photo Film Co., Ltd.] was saponified and laminated with a polyvinyl alcohol adhesive. Thus, a polarizing plate was 
prepared. 
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[Example 17] 

[0489] Iodine was adsorbed on a stretched polyvinyl alcohol film to prepare a polarizing membrane. The optical 
compensatory sheet (KH-17) prepared in Example 13 was then laminated on one surface of the polarizing membrane 
with a polyvinyl alcohol adhesive so that the cellulose acetate film (KH-07) (support of the compensatory sheet) might 
be on the polarizing membrane side and so that the slow axis of the sheet might be parallel to the transmission axis 
of the membrane. 

[0490] On the other surface of the membrane, a commercially available cellulose triacetate film [Fujitac TD80UF, 
Fuji Photo Film Co., Ltd.] was saponified and laminated with a polyvinyl alcohoi adhesive. Thus, a polarizing plate was 
prepared. 

[Comparative Example 5] 

[0491] Iodine was adsorbed on a stretched polyvinyl alcohol film to prepare a polarizing membrane. The optical 
compensatory sheet (KH-H2) prepared in Comparative Example 4 was then laminated on one surface of the polarizing 
membrane with a polyvinyl alcohol adhesive. 

[0492] On the other surface of the membrane, a commercially available cellulose triacetate film [Fujitac TD80UF, 
Fuji Photo Film Co., Ltd.] was saponified and laminated with a polyvinyl alcohol adhesive. Thus, a polarizing plate was 
prepared. 

[Example 18] 

[0493] A pair of polarizing plates and a pair of optical compensatory sheets were removed from a commercially 
available liquid crystal display (VL-1530S, Fujitsu, Ltd.), which has a liquid crystal cell comprising vertically aligned 
liquid crystal molecules. In place of the removed members, the polarizing plate prepared In Example 14 was laminated 
on the observer side of the cell with an adhesive so that the optical compensatory sheet (KH-04) might be on the liquid 
crystal cell side. On the other side (backlight side) of the cell, a commercially available polarizing plate (HLC2-561 8HCS, 
Sunritz Co., Ltd.) was laminated. The polarizing plate on the observer side was placed so that the transmission axis 
might be in the up-down direction, while the plate on the backlight side was placed so that the transmission axis might 
be in the left-right direction. Thus, the polarizing plates were arranged in cross-Nlcol position. 
[0494] The viewing angle of the prepared liquid crystal display was measured by means of a measuring apparatus 
(E2-Contrast 160D, ELDIM) when each of eight tones of black (LI) to white (L8) was displayed. The results are set 
forth in Table 6. 

[Comparative Example 6] 

[0495] A pair of polarizing plates and a pair of optical compensatory sheets were removed from a commercially 
available liquid crystal display (VL-1530S, Fujitsu, Ltd.), which has a liquid crystal cell comprising vertically aligned 
liquid crystal molecules. In place of the removed members, the polarizing plate prepared In Comparative Example 5 
was laminated on the observer side of the cell with an adhesive so that the optical compensatory sheet (KH-H2) might 
be on the liquid crystal cell side. On the other side (backlight side) of the cell, a commercially available polarizing plate 
(HLC2-561 BHCS, Sunritz Co., Ltd.) was laminated. The polarizing plate on the observer side was placed so that the 
transmission axis might be in the up-down direction, while the plate on the backlight side was placed so that the trans- 
mission axis might be in the left-right direction. Thus, the polarizing plates were arranged in cross-Nicol position. 
[0496] The viewing angle of the prepared liquid crystal display was measured by means of a measuring apparatus 
(EZ-Contrast 160D, ELDIM) when each of eight tones of black (LI) to white (L8) was displayed. The results are set 
forth in Table 6. 



TABLE 6 



Liquid 


Viewing angle* 


crystal display 


along transmission axis 


at 45'' to the transmission axis 


Example 18 
Comp. Ex. 6 


> 80** 

> 80** 


> 80" 
440 



Remarks: 

*) Viewing angle: 

Angle range giving a contfast ratio of 10 or more without reversing black tones (between L1 and L2). 
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(Evaluation of increase of transmittance at the peripheral part of the screen) 

[0497] A pair of polarizing plates were removed from a commercially available liquid crystal display of 1 5 inches type 
(VL-1530S, Fujitsu. Ltd.). which has a liquid crystal cell comprising vertically aligned liquid crystal molecules. In place 
of the removed members, the polarizing plate prepared in Example 14 was laminated on each side (each of the backlight 
side and the observer side) of the cell with an adhesive so that the optical compensatory sheet might be on the liquid 
crystal cell side. The polarizing plates were placed so that the transmission axis of the plate on the observer side might 
be perpendicular to that on the backlight side. The polarizing plate prepared in Comparative Example 5 was also 
installed in the liquid crystal display. 

[0498] The backlight of the prepared display had been kept on for 5 hours under the conditions of 25''C and 60%RH. 
After that, wh lie a black image was displayed on the whole screen, it was observed with the eyes in a daric room whether 
light leaked or not. As a result, it was confirmed that the display of 1 5 inches type equipped with the polarizing plate 
of Example 14 did not leak light at the peripheral part of the screen but that the display equipped with the plate of 
Comparative Example 5 leaked light. 

[Example 19] 

(Preparation of liquid crystal cell of bend alignment mode) 

[0499] On a glass plate having an ITO electrode, an orientation film of polyimide was provided and subjected to a 
rubbing treatment. This procedure was repeated to prepare two substrates, and the substrates were arranged face- 
to-face so that the rubbing directions might be parallel and that the cell gap might be 6 ^m. Between them, a liquid 
crystal having An of 0.1 396 (ZLI1 1 32. Merck & Co., Inc.) was introduced to prepare a liquid crystal cell of bend alignment 
(17 inches type). 

(Production of liquid crystal display) 

[0500] Two elliptically polarizing plates prepared in Example 15 were laminated on the liquid crystal cell so that the 
cell might be between the plates. The plates were arranged so that the optically anisotropic layer in each plate might 
face to the cell substrate and that the rubbing directions of the cell and the optically anisotropic layer might be anti- 
parallel. 

[0501] Voltage of a square wave (55 Hz) was applied to the liquid crystal cell. An image was displayed according to 
normally white mode (white: 2V, black: 5V). A ratio of the transmittance (white/black) was measured as a contrast ratio 
by means of a meter (EZ-Contrast 1 60D. ELDIM) at eight displaying states of L1 (full black) to L8 (full white). From the 
obtained contrast ratio, the viewing angle of the prepared liquid crystal display was measured. The results are set forth 
in Table 7. 



[Example 20] 

"^0 (Preparation of liquid crystal cell of bend alignment mode) 

[0502] On a glass plate having an ITO electrode, an orientation film of polyimide was provided and subjected to a 
rubbing treatment. This procedure was repeated to prepare two substrates, and the substrates were arranged face- 
to-face so that the rubbing directions might be parallel and that the cell gap might be 6 ^m. Between them, a liquid 
crystal having An of 0.1 396 (2LI1 1 32. Merck & Co., Inc.) was Introduced to prepare a liquid crystal cell of bend alignment 
(17 Inches type). 

(Production of liquid crystal display) 

so [0503] Two elliptically polarizing plates prepared in Example 1 6 were laminated on the liquid crystal cell so that the 
cell might be between the plates. The plates were arranged so that the optically anisotropic layer in each plate might 
face to the cell substrate and that the mbbing directions of the cell and the optically anisotropic layer might be anti- 
parallel. 

[0504] Voltage of a square wave (55 Hz) was applied to the liquid crystal cell. An Image was displayed according to 
55 normally white mode (white: 2V, black: 5V). A ratio of the transmittance (white/black) was measured as a contrast ratio 
by means of a meter (EZ-Contrast 1 BOD. ELDIM) at eight displaying states of LI (full black) to L8 (full white). From the 
obtained contrast ratio, the viewing angle of the prepared liquid crystal display was measured. The results are set forth 
In Table 7. 
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TABLE 7 



Viewing angle* 


LCD 


Upward 


Downward 


Left-rightward 


Example 19 


80° 


80° 


80° 


Example 20 


B0*> 


80° 


80° 



Remark: 

■) Viewing angle: 

Angle range giving a contrast ratio of 10 or more without reversing black tones (between L1 and L2). 



(Evaluation of increase of transmittance at the perijDheral part of the screen) 

[0505] A backlight was attached on the cell prepared in each of Examples 19 and 20, and had been kept on for 5 
'5 hours under the conditions of 25°C and 60%RH. After that, while a black image was displayed on the whole screen, 
it was observed with the eyes In a dark room whether light leaked or not. As a result, It was confirmed that the cell 
equipped with the polarizing plates prepared In each of Examples 19 and 20 did not leak light at the peripheral part of 
the screen. 

[Example 21] 



[0506] A pair of polarizing plates were removed from a commercially available liquid crystal display (6E-A3, Sharp 
Corporation), which had a liquid crystal cell of TN mode. In place of the removed members, the polarizing plate prepared 
in Example 1 7 was laminated on each side (each of the backlight side and the observer side) of the cell with an adhesive 
so that the KH-07 (optical compensatory sheet prepared in Example 17) might be on the liquid crystal cell side. The 
polarizing plates were arranged so that the transmission axes might be crossed perpendicularly. 
[0507] The viewing angle of the prepared liquid crystal display was measured by means of a measuring apparatus 
(E2-Contrast 160D, ELDIM) when each of eight tones of black (LI) to white (LB) was displayed. The results are set 
forth in Table 8. 



TABLE 8 



Viewing angle* 


LCD 


Upward 


Downward 


Left-rightward 


Example 21 


35° 


60^ 


80° 



Remark: 

*) Viewing angle: 

Angle range giving a contrast ratra of 10 or more without reversing black tones (between L1 and L2). 



(Evaluation of increase of transmittance at the peripheral part of the screen) 

[0508] A pair of polarizing plates were removed from a commercially available liquid crystal display of 20 inches type 
(LC-20V1, Sharp Corporation), which had a liquid crystal cell of TN mode. In place of the removed members, the 
polarizing plate prepared In Example 1 7 was laminated on each side (each of the backlight side and the observerside) 
of the cell with an adhesive so that the optical compensatory sheet might be on the liquid crystal cell side. The polarizing 
plates were placed so that the transmission axis of the plate on the observer side might be perpendicular to that on 
the backlight side. 

[0509] The backlight of the prepared display had been kept on for 5 hours under the conditions of 25'C and 60%RH. 
After that, while a black Image was displayed on the whole screen, it was observed with the eyes in a dari< room whether 
light leaked or not. As a result, it was conflnmed that the display of 20 inches type equipped with the polarizing plate 
of Example 17 did not leak light at the peripheral part of the screen. 

[Example 22] 

[051 0] The following components were placed in a mixing tank, heated and stirred to dissolve, to prepare a cellulose 
acetate solution. 
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Cellulose acetate solution 



5 



Cellulose acetate (acetic acid content: 60.9 %) 
Triphenyl phosphate (plasticizer) 
Biphenyldiphenyl phosphate (plasticizer) 
Methylene chloride (first .solvent) 
Methanol (second solvent) 
1-Butanol (third solvent) 



1 00 weight parts 

7.8 weight parts 

3.9 weight parts 
300 weight parts 

54 weight parts 
11 weight parts 



10 



[051 1 ] In another mixing tank. 1 6 weight parts of the retardation increasing agent used in ExamjDle 1 , 80 weight parts 
of methylene chloride and 20 weight parts of methanol were placed, heated and stirred, to prepare a retardation in- 
creasing agent solution. 

[0512] The cellulose acetate solution (474 weight parts) and the retardation increasing agent solution (25 weight 
parts) were mixed and stirred well to prepare a dope. The prepared dope contained the retardation increasing agent 
in the amount of 3.5 weight parts based on 100 weight parts of cellulose acetate. 

[0513] The prepared dope was cast on a band by means of a band casting machine. After peeled from the band, 
the film was laterally stretched by 25% at 130*»C with a tenter while the solvent remained in the amount of 15 wt.%, to 
prepare a cellulose acetate film (thickness: 70 pm). 

[051 4] The obtained film was immersed in a 1 .5 N aqueous KOH solution for 2 minutes (50''C), and neutralized with 
sulfuric acid. After taken out of the solution, the film was washed with pure water, and dried. The surface energy of the 
thus-saponified film was measured according to the contact angle method, to find 60 mN/m. 
[0515] The Re and Rth retardation values of the prepared cellulose acetate film (optical compensatory sheet) were 
measured at 550 nm by means of an elllpsometer [M-150, JASCO], to obtain the values of Re550 and Rth550. The 
results are set forth in Table 9. 



[0516] The procedure of Example 22 was repeated except that 474 weight parts of the cellulose acetate solution 
and 56 weight parts of the retardation increasing agent solution were mixed (7.8 weight parts of the retardation in- 
creasing agent was used based on 1 00 weight parts of cellulose acetate) to prepare a dope, and except that the formed 
film was stretched by 14%. Thus, a cellulose acetate film (optical compensatory sheet) was prepared. 
[0517] The obtained film was Immersed In a 1 .5 N aqueous KOH solution for 5 minutes (40°C), and neutralized with 
sulfuric acid. After taken out of the solution, the film was washed with pure water, and dried. The surface energy of the 
thus-saponified film was measured according to the contact angle method, to find 68 mN/m. 

[051 8] The Re and Rth retardation values of the prepared cellulose acetate film (optical compensatory sheet) were 
measured at 550 nm by means of an elllpsometer [M-150, JASCO], to obtain the values of Re550 and Rth550. The 
results are set forth In Table 9. 



[051 9] The procedure of Example 23 was repeated except that the formed film was stretched by B%, to prepare a 
cellulose acetate film. 

[0520] The obtained film was immersed in a 2.0 N aqueous KOH solution for 2 minutes (25°C), and neutralized with 
sulfuric acid. After taken out of the solution, the film was washed with pure water, and dried. The surface energy of the 
thus-saponified film was measured according to the contact angle method, to find 63 mN/m. 
[0521] On the prepared cellulose acetate film, a coating solution for orientation layer used in Example 2 was applied 
by means of a wire-bar coater #16 in the amount of 28.ml/m2 The applied solution was dried with hot air at GO'C for 
60 seconds, and then further dried with hot air at 90°C for 150 seconds. 

[0522] The fomied layer was subjected to the rubbing treatment in which the rubbing direction was at the angle of 
45° to the slow axis (measured at 632.8 nm) of the cellulose acetate film. 

(Fonnatlon of optically anisotropic layer) 

[0523] To prepare a coating solution, 41 .01 g of the discotic (liquid crystal) compound used in Example 2, 4,06 g of 
trimethylolpropane triacrylate denatured with ethylene oxide (V#360, Osaka Organic Chemicals Co., Ltd.),' 0.90 g of 
cellulose acetate butyrate (CAB-55 1-0.2, Eastman Chemical), 0.23 g of cellulose acetate butyrate (CAB-531-i , East- 



[ Example 23] 



40 



[Example 24] 
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man Chemical) , 1 ,35 g of a photopolymerization initiator (Irgacure 907, Ciba-Geigy) and 0.45 g of a sensitizer (Kay acu re 
DETX. Nippon Kayaku Co.. Ltd.) were dissolved in 1 02 g of methyl ethyl ketone. The coating solution was then applied 
on the orientation film by means of a wire bar coater of #3. The thus-treated film was fixed on a metal frame, and heated 
in a thennostat at 130°C for 2 minutes to align the molecules of the discotic compound. The film was then irradiated 
5 at 130°C for 1 minute with ultraviolet rays emitted from a high pressure mercury lamp of 120 W/cm, to polymerize the 
discotic compound. The film was cooled to room temperature. Thus, an optically anisotropic layer was formed. 
[0524] The Re and Rth retardation values (Re550 and Rth550) of the prepared optical compensatory sheet were 
measured at 550 nm in the same manner as In Example 22. The results are set forth in Table 9. 

10 [Example 25] 

[0525] The procedure of Example 22 was repeated except that 474 weight parts of the cellulose acetate solution 
and 56 weight parts of the retardation increasing agent solution were mixed (7.8 weight parts of the retardation in- 
creasing agent was used based on 1 00 weight parts of cellulose acetate) to prepare a dope, and except that the formed 
15 film was stretched by 35%. Thus, a cellulose acetate film (optical compensatory sheet) was prepared. 

[0526] The surface of the obtained film was subjected to corona discharge treatment at the discharge frequency of 
1 00 kHz, and then its surface energy film was measured according to the contact angle method to find 60 mN/m. 
[0527] The Re and Rth retardation values. (Re550 and Rth550) of the prepared cellulose acetate film (optical com- 
pensatory sheet) were measured at 550 nm in the same manner as in Example 22. The results are set forth in Table 9 

20 

[Comparative Example 7] 

[0528] The procedure of Example 22 was repeated except that the cellulose acetate solution was directly used as 
a dope and that the film was not stretched, to form and evaluate a cellulose acetate film (optical compensatory sheet). 
25 The results are set forth in Table 9. 



TABLE 9 







Retardation 


Stretching 


Re550 


Rth550 


30 




increasing agent 


ratio 






Example 22 


3.5 weight parts 


25% 


40 nm 


130 nm 




Example 23 


7.8 weight parts 


14% 


50 nm 


240 nm 




Example 24 


7.8 weight parts 


8% 


20 nm 


220 nm 




Example 25 


7.8 weight parts 


35% 


120 nm 


250 nm 


35 


Comp. Ex. 7 






4 nm 


48 nm 



[Example 26] 



[0529] Iodine was adsorbed on a stretched polyvinyl alcohol film to prepare a polarizing membrane. The cellulose 
acetate film prepared in Example 22 was then laminated on one surface of the polarizing membrane with a polyvinyl 
alcohol adhesive. 

[0530] On the other surface of the membrane, a commercially available cellulose triacetate film [Fujitac TD80UF, 
Fuji Photo Film Co., Ltd.] was saponified and laminated with a polyvinyl alcohol adhesive. 

[0531] The transmission axis of the polarizing membrane was placed parallel to the slow axis of the film prepared in 
Example 22. The transmission axis of the polarizing membrane was placed perpendicularly to the slow axis of the 
commercially available cellulose triacetate film. Thus, a polarizing plate was prepared. 

[Example 27] 

[0532] The procedure of Example 26 was repeated except that the cellulose acetate film prepared in Example 23 
was used, to prepare a polarizing plate. 

[Example 28] 

[0533] The procedure of Example 26 was repeated except that the cellulose acetate film prepared in Example 24 
was used, to prepare a polarizing plate. 
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[Example 29] 

[0534] A pair of polarizing plates and a pair of optical compensatory sheets were removed from a commercially 
available liquid crystal display (VL-1530S. Fujitsu, Ltd.), which has a liquid crystal cell comprising vertically aligned 
liquid crystal molecules. In place of the removed members, the polarizing plate prepared in Example 26 was laminated 
on each side (each of the backlight side and the observer side) of the cell with an adhesive so that the cellulose acetate 
film prepared In Example 22 might be on the liquid crystal cell side. The polarizing plate on the observer side was 
placed so thatthe transmission axis might be in the up-down direction, while the plate on the backlight side was placed 
so that the transmission axis might be in the left-right direction. Thus, the polarizing plates were an-anged in cross-Nicol 
position. 

[0535] The viewing angle of the prepared liquid crystal display was measured by means of a measuring apparatus 
(EZ-Contrast 160D, ELDIM) when each of eight tones of black (LI) to white (L8) was displayed. The results are set 
forth in Table 10. 

[Example 30] 

[0536] A pair of polarizing plates and a pair of optical compensatory sheets were removed from a commercially 
available liquid crystal display (VL-1530S, Fujitsu, Ltd.). which has a liquid crystal cell comprising vertically aligned 
liquid crystal molecules. In place of the removed members, the polarizing plate prepared in Example 27 was laminated 
on the observer side of the cell with an adhesive so that the cellulose acetate film prepared in Example 23 might be 
on the liquid crystal cell side. On the other side (backlight side) of the cell, a commercially available polarizing plate 
{HLC2-561 BHCS, Sunritz Co., Ltd.) was laminated. The polarizing plate on the observer side was placed so that the 
transmission axis might be in the up-down direction, while the plate on the backlight side was placed so that the trans- 
mission axis might be in the left-right direction. Thus, the polarizing plates were arranged in cross-Nicol position. 
[0537] The viewing angle of the prepared liquid crystal display was measured by means of a measuring apparatus 
(E2-Contrast 160D, ELDIM) when each of eight tones of black (LI) to white (L8) was displayed. The results are set 
forth in Table 10. 

[Comparative Example 8] 

[0538] The viewing angle of the commercially available liquid crystal display (VL-1530S, Fujitsu, Ltd.), which has a 
liquid crystal cell comprising vertically aligned liquid crystal molecules, was measured by means of a measuring ap- 
paratus (EZ-Contrast 160D, ELDIM) when each of eight tones of black (L1) to white (LB) was displayed. The results 
are set forth in Table 10. 



TABLE 10 



Liquid crystal display 


Viewing angle* 


along transmission axis 


at 45° to the transmission axis 


Example 29 


80' . 


80° 


Example 30 


80° 


80° 


Comp. Ex. 8 


80° 


44° 



Remarks: 

*) Viewing angle: 

Angle range giving a contrast ratb of 10 or more without reversing black tones (between L1 and L2). 



[Example 31] 

(Preparation of liquid crystal cell of bend alignment mode) 

[0539] On a glass plate having an ITO electrode, an orientation film of polylmlde was provided and subjected to a 
rubbing treatment. This procedure was repeated to prepare two substrates, and the substrates were arranged face- 
to-face so that the rubbing directions might be parallel and that the cell gap might be 6 jim. Between them, a liquid 
crystal having An of 0. 1 396 (ZL1 1 1 32. Merck & Co. . Inc.) was introduced to prepare a liquid crystal cell of bend alignment. 
[0540] Two elliptically polarizing plates prepared in Example 28 were laminated on the liquid crystal cell so that the 
cell might be between the plates. The plates were arranged so that the optically anisotropic layer In each plate might 
face to the cell substrate and that the rubbing directions of the cell and the optically anisotropic layer might be anti- 
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parallel." 

[0541] Voltage of a square wave (55 Hz) was applied to the liquid crystal cell. An image was displayed according to 
normally white mode (white: 2V, black: 5V). A ratio of the transmittance (white/black) was measured as a contrast ratio 
by means of a meter (EZ-Contrast 1 60D, ELDIM) at eight displaying states of L1 (full black) to L8 (full white). From the 
obtained contrast ratio, the viewing angle of the prepared liquid crystal display was measured. The results are set forth 
In Table 11. 

TABLE 11 



Viewing angle* 


LCD 


Upward 


Downward 


Left-rightward 


Example 31 


80' 80« 


80* 



Remark: 

*) Viewing angle: 

Angle range giving a contrast ratio of 10 or more without reversing black tones (between L1 and 12). 



[Example 32] 



[0542] A pair of polarizing plates were removed from a commercially available liquid crystal display (6E'A3, Sharp 
Corporation), which had a liquid crystal cell of TN mode. In place of the removed members, the polarizing plate prepared 
in Example 26 was laminated on each side (each of the backlight side and the observer side) of the cell with an adhesive 
so that the cellulose acetate film prepared in Example 22 might be on the liquid crystal cell side. The polarizing plates 
were arranged so that the transmission axes might be crossed perpendicularly. 

[0543] The viewing angle of the prepared liquid crystal display was measured by means of a measuring apparatus 
(EZ-Contrast 160D, ELDIM) when each of eight tones of black (LI) to white (L8) was displayed. The results are set 
forth in Table 12. 



30 



35 



40 



45 



50 



55 



[Comparative Example 9] 

[0544] The viewing angle of the commercially available liquid crystal display (6E-A3, Sharp Corporation), which has 
a liquid crystal cell of TN mode, was measured by means of a measuring apparatus (EZ-Contrast 1 60D, ELDIM) when 
each of eight tones of black (L1 ) to white (LB) was displayed. The results are set forth in Table 12. 

TABLE 12 



Viewing angle* 


LCD 


Upward 


Downward 


Left- right ward 


Example 32 


18° 


23" 


77° 


Comp. Ex. 9 


15** 


25'* 


37' 



Remark: 

*) Viewing angle: 

Angle range giving a contrast ratio of 10 or more without reversing black tones (between L1 and L2). 

[Example 33] 

(Preparation of cellulose acetate film) 

[0545] The following components were placed In a mixing tank, heated and stirred to dissolve, to prepare a cellulose 
acetate solution. 



Cellulose acetate solution 


Cellulose acetate (acetic acid content: 60.9 %) 
Triphenyl phosphate (plasticizer) 
Biphenyldiphenyl phosphate (plasticizer) 
Methylene chloride (first solvent) 
Methanol (second solvent) 


1 00 weight parts 

7.8 weight parts 

3.9 weight parts 
300 weight parts 

54 weight parts 



63 



BNSDCXID: <EP 1300701A1 J_> 



EP 1 300 701 A1 



(continued) 



Cellulose acetate solution 
1-Butanol (third solvent) 



11 weight parts 



10 



15 



20 



25 



30 



35 



40 



45 



[05461 In another mixing tank, 1 6 weight parts of the retardation increasing agent used in Example 1 . 80 weight parts 
of methylene chloride and 20 weight parts of methanol were placed, heated and stirred, to prepare a retardation in- 
creasing agent solution. 

[0547] The cellulose acetate solution (474 weight parts) and the retardation increasing agent solution (25 weight 
parts) were mixed and stirred well to prepare a dope. The prepared dope contained the retardation increasing agent 
in the amount of 3.5 weight parts based on 100 weight parts of cellulose acetate. 

[0548] The prepared dope was cast on a band by means of a band casting machine. When the temperature of the 
dope on the band reached 40«'C. the fomied film was dried with air at 70°C for 1 minute. After peeled from the band 
the film was dried with air at 1 40°C for about 1 0 minutes, to prepare a cellulose acetate film (thickness: 50 u.m) in which 
the solvent remained in the amount of 0.3 wt.%. 

[0549] The Re and Rth retardation values of the prepared cellulose acetate film (CAF-01 ) were measured at 550 nm 
by means of an ellipsometer [M-150, JASCO], to obtain the values of Re550 and Rth550. The results are set forth in 
Table 13. 

[0550] The obtained film was immersed in a 2.0 N aqueous KOH solution for 2 minutes (25^C), neutralized with 
sulfunc acid, washed with pure water, and dried. The surface energy of the thus-saponified film was measured accordtnq 
to the contact angle method, to find 63 mN/m. 

(Formation of orientation layer) 

[0551] On the prepared cellulose acetate film, the coating solution used in Example 2 was then applied in the amount 
of 28 ml/m2 by means of a wire bar coater of #1 6. The applied solution was dried with hot air at 60°C for 60 seconds 
and then further dried with hot air at 90^C for 150 seconds. 

[0552] The formed layer was subjected to the rubbing treatment in which the rubbing direction was parallel to the 
longitudinal direction of the cellulose acetate film. 

(Formation of optically anisotropic layer) 

[0553] To prepare a coating solution. 41 .01 g of the discotic (liquid crystal) compound used in Example 2 4 06 g of 
trimethylolpropane triacrylate denatured with ethylene oxide (V#360. Osaka Organic Chemicals Co. Ltd ) ' 0 90 g of 
cellulose acetate butyrate {CAB-551-0.2. Eastman Chemical). 0.23 g of cellulose acetate butyrate (CAB-531-1 East- 
man Chemical). 1 .35 g of a photopolymerization initiator (Irgacure 907, Ciba-Geigy) and 0.45 g of a sensitizer (Kayacure 
DETX, Nippon Kayaku Co., Ltd.) were dissolved in 1 02 g of methyl ethyl ketone. The coating solution was then applied 
on the orientation film by means of a wire bar coater of #3.6. The thus-treated film was heated in a thermostat at 130oC 
for 2 minutes to align the molecules of the discotic compound. The film was then irradiated at 60'C for 1 minute with 
ultraviolet rays emitted fram a high pressure mercury lamp of 120 W/cm. to polymerize the discotic compound The 
film was cooled to room temperature. Thus, an optical compensatory sheet (KH-A1) was formed. 
[0554] The Re retardation value was measured at 550 nm. and found 43 nm. The average angle (inclined angle) 
between the disc plane and the cellulose acetate film was 42*'. 

[Example 34] 

[0555] The following components were placed in a mixing tank, heated and stirred to dissolve, to prepare a cellulose 
acetate solution. 





Cellulose acetate solution 




Cellulose acetate (acetic acid content: 60.7 %) 


1 00 weight parts 




Polyesterurethane {B-326, Sumitomo Bayern Co., Ltd.; 




55 


Desmocol 176) 


16 weight parts 


Methylene chloride (first solvent) 


300 weight parts 




Methanol (second solvent) 


54 weight parts 




1-Butanol (third solvent) 


11 weight parts 
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[0556] In another mixing tank. 1 6 weight parts of the retardation increasing agent used in Example 1 , 80 weight parts 
of methylene chloride and 20 weight parts of methanol were placed, heated and stirred, to prepare a retardation In- 
creasing agent solution. 

[0557] The cellulose acetate solution (484 weight parts) and the retardation increasing agent solution (15 weight 
s parts) were mixed and stirred well to prepare a dope. The prepared dope contained the retardation increasing agent 
in the amount of 2.0 weight parts based on 100 weight parts of cellulose acetate. 

[0558] The prepared dope was cast on a band by means of a band casting machine. When the temperature of the 
dope on the band reached 40*'C, the fomned film was dried with air at 65°C for 1 minute. After peeled from the band, 
the film was laterally stretched by 20% with a tenter while the solvent remained in the amount of 15 wt.%. The film was 
10 dried with air at ISC'C for 5 minutes so that the solvent might remain in the amount of 5 wt.%. The film was then 
longitudinally stretched by 1 8%, and further dried with air at 140*»C for 10 minutes to prepare a cellulose acetate film 
(thickness: 40 |im) In which the solvent remained in the amount of 0.3 wt.%. 

[0559] The Re and Rth retardation values of the prepared cellulose acetate film (CAF-02) were measured at 550 nm 
by means of an ellipsometer [M-150, JASCO], to obtain the values of ReSSO and Rth550. The results are set forth In 
15 Table 13. 

[0560] The prepared film was subjected to the surface treatment in the same manner as Example 33, and an orien- 
tation layer and an optically anisotropic layerwere provided thereon to produce an optical compensatory sheet (KH-A2). 

[Example 35] 

20 

[0561 ] The following components were placed in a mixing tank, heated and stirred to dissolve, to prepare a cellulose 
acetate solution. 



Cellulose acetate solution 


Cellulose acetate (acetic acid content: 60.7 %) 


100 weight parts 


Methylene chloride (first solvent) 


300 weight parts 


Methanol (second solvent) 


54 weight parts 


1-Butanol (third solvent) 


11 weight parts 


Boron nitride powder (highly thermo-conductive particles) 


30 weight parts 



[0562] In another mixing tank, 16 weight parts of the retardation increasing agent used in Exaniple 1 , 80 weight parts 
of methylene chloride and 20 weight parts of methanol were placed, heated and stirred, to prepare a retardation in- 
creasing agent solution. 

[0563] The cellulose acetate solution (474 weight parts) and the retardation increasing agent solution (25 weight 
parts) were mixed and stirred well to prepare a dope. The prepared dope contained the retardation Increasing agent 
In the amount of 3.5 weight parts based on 100 weight parts of cellulose acetate. 

[0564] The prepared dope was cast on a band by means of a band casting machine. When the temperature of the 
dope on the band reached 40°C, the fomned film was dried with air at 70''C for 1 minute. After peeled from the band, 
the film was dried with air at 1 40'»C for 1 0 minutes, to prepare a cellulose acetate film (thickness: 50 ^im) in which the 
solvent remained in the amount of 0.3 wt.%. 

[0565] The thermal conductivity of the prepared cellulose acetate film was measured, to find 1 .2 W/(m.K). 

[0566] The optical characters of the cellulose acetate film (CAF-03) were measured. The results are set forth in Table 

13. 

[0567] The obtained film (CAF-03) was immersed in a 1 .5 N aqueous KOH solution for 5 minutes (40*'C), neutralized 
with sulfuric acid, washed with pure water, and dried. The surface energy of the thus-saponified film (CAF-03) was 
measured according to the contact angle method, to find 68 mN/m. 

(Formation of orientation layer) 

50 

[0568] On the prepared cellulose acetate film, the coating solution used in Example 2 was then applied in the amount 
of 28 ml/m2 by means of a wire bar coater of #1 6. The applied solution was dried with hot air at 60*C for 60 seconds, 
and then further dried with hot air at QO^'C for 150 seconds. 

[0569] The formed layer was subjected to the rubbing treatment in which the rubbing direction'Was parallel to the 
longitudinal direction of the cellulose acetate film. 
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(Preparation of liquid crystal compound) 

[0570] A liquid crystal polymer was synthesized, and it was conf imned that the polymer was oriented in homeotropic 
alignment on a substrate not subjected to orienting treatment. 

[0571 ] For synthesizing the polymer, 1 0 mmol of 4-n-heptyl benzoic acid, 95 mmol of terephthalic acid, 50 mmol of 
methylhydroquinone diacetate. 50 mmol of catechol diacetate and 100 mg of sodium acetate were used to perform 
polymerization at 270'»C for 12 hours under nitrogen atmosphere. The reaction product was dissolved in tetrachlo- 
roethane, and re-precipltated with methanol to obtain 22.0 g of liquid crystal polyester. The prepared liquid crystal 
polyester had the logarithmic viscosity of 0.15, and fomned a nematic phase as a liquid crystal phase. The phase 
transition temperature between the isotropic phase and the liquid crystal phase was observed at 240*'C, and the glass 
transition point was found at Ib^'C. 

[0572] A 10 wt.% solution of the liquid crystal polyester dissolved in a mixed solvent of phenol/tetrachloroethane 
(6/4, by weight) was prepared, and applied on a plate of soda glass according to the bar-coat method. After the solvent 
was removed, the applied polyester was subjected to heat treatment at 190°C for 30 minutes, and then left at room 
temperature to cool and fix. As a result, an evenly oriented liquid crystal film having the thickness of 1 5 urn was prepared. 
The film was observed through a conoscope, and thereby it was found that the liquid crystal polymer had positive 
uniaxiality to forni homeotropic alignment. 



(Formation of optically anisotropic layer) 

[0573] An 8 wt.% tetrachloroethane solution of the liquid crystal polyester was prepared, and applied on the above 
orientation layer according to the spin-coat method. After the solvent was removed, the applied polyester was subjected 
to heat treatment at 1 90°C for 20 minutes, and then left at room temperature to cool and fix. The thus-formed optical 
compensatory sheet (KH-A3) was transparent, and had no aligning defect and an even thickness (1 .55 pjn). 

[Comparative Example 10] 



[0574] The cellulose acetate solution used in Example 33 was directly used as a dope, which cast on a band by 
means of a band casting machine. When the temperature of the dope on the band reached 40°C. the formed film was 
dried with air at 40''C for 1 minute. After peeled from the band, the film was dried with air at 1 0O^C for 1 0 minutes, to 
prepare a cellulose acetate film (thickness: 80 \vm) in whfch the solvent remained in the amount of 3.0 wt.%. 
[0575] The optical characters of the prepared cellulose acetate film (CAF-HI ) were measured. The results are set 
forth in Table 13. 



TABLE 13 





Film 


Retardation increasing agent 


Re550 


Rth550 


Example 33 


CAF-01 


3.5 weight parts 


8 nm 


80 nm 


Example 34 


CAF-02 


2.5 weight parts 


4 nm 


90 nm 


Example 35 


CAF-03 


3.5 weight parts 


9 nm 


82 nm 


Comp. Ex. 10 


CAF-HI 




4 nm 


48 nm 



[Example 36] 

[0576] Iodine was adsorbed on a stretched polyvinyl alcohol film to prepare a polarizing membrane. The optical 
compensatory sheet (KH-A1 ) prepared in Example 33 was then laminated on one surface of the polarizing membrane 
with a polyvinyl alcohol adhesive so that the cellulose acetate film (CAF-01 ) might be on the polarizing membrane side 
and so that the slow axis of the sheet (KH-A1) might be parallel to the transmission axis of the membrane. 
[0577] On the other surface of the membrane, a commercially available cellulose triacetate film [Fujitac TD80UF, 
Fuji Photo Film Co.. Ltd.] was saponified and laminated with a polyvinyl alcohol adhesive. Thus, a polarizing plate was 
prepared. 

[Example 37] 



[0578] Iodine was adsortDed on a stretched polyvinyl alcohol film to prepare a polarizing membrane. The optical 
compensatory sheet (KH-A2) prepared in Example 34 was then laminated on one surface of the polarizing membrane 
with a polyvinyl alcohol adhesive so that the cellulose acetate film (CAF-02) might be on the polarizing membrane side 
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and so that the slow axis of the sheet (KH-A2) might be parallel to the transmission axis of the membrane. 
[0579] On the other surface of the membrane, a commercially available cellulose triacetate film [Fujitac TD80O Fuji 
Photo Film Co., Ltd.] was saponified and laminated with a polyvinyl alcohol adhesive. Thus, a polarizing plate was 
prepared. 

5 

[Example 38] 

[0580] Iodine was adsorbed on a stretched polyvinyl alcohol film to prepare a polarizing membrane. The optical 
compensatory sheet (KH-A3) prepared in Example 35 was then laminated on one surface of the polarizing membrane 
10 with a polyvinyl alcohol adhesive so that the cellulose acetate film (CAF-03) might be on the polarizing membrane side 
and so that the slow axis of the sheet (KH-A3) might be perpendicular to the transmission axis of the membrane. 
[0581] On the other surface of the membrane, a commercially available cellulose triacetate film [Fujitac TD80UF, 
. Fuji Photo Film Co., Ltd.] was saponified and laminated with a polyvinyl alcohol adhesive. Thus, a polarizing plate was 
prepared. 

15 

[Comparative Example 11] 

[0582] Iodine was adsorbed on a stretched polyvinyl alcohol film to prepare a polarizing membrane. The cellulose 
acetate film prepared in Comparative Example 10 was then laminated on one surface of the polarizing membrane with 
20 a polyvinyl alcohol adhesive so that the slow axis of the film (CAF-H1 ) might be perpendicular to the transmission axis 
of the membrane. 

[0583] On the other surface of the membrane, a commercially available cellulose triacetate film [Fujitac TD80UF, 
Fuji Photo Film Co., Ltd.] was saponified and laminated with a polyvinyl alcohol adhesive. Thus, a polarizing plate was 
prepared. 

25 

[Example 39] 

[0584] A pair of polarizing plates were removed from a commercially available liquid crystal display {6E-A3, Sharp 
Corporation), which had a liquid crystal cell of TN mode. In place of the removed members, the polarizing plate prepared 
30 In Example 36 was laminated on each side (each of the backlight side and the observer side) of the cell with an adhesive 
so that the optical compensatory sheet (KH-A1) might be on the liquid crystal cell side. The polarizing plates were 
arranged so that the transmission axes might be crossed perpendicularly. 

[0585] The viewing angle of the prepared liquid crystal display was measured by means of a measuring apparatus 
(EZ-Contrast 160D, ELDIM) when each of eight tones of black (LI) to white (L8) was displayed. The results are set 
35 forth In Table 14. 

[Example 40] 

[0586] A pair of polarizing plates were removed from a commercially available liquid crystal display (6E-A3, Sharp 
40 Corporation), which had a liquid crystal cell of TN mode. In place of the removed members, the polarizing plate prepared 
in Example 37 was laminated on each side (each of the backlight side and the observer side) of the cell with an adhesive 
so that the optical compensatory sheet (KH-A2) might be on the liquid crystal cell side. The polarizing plates were 
arranged so that the transmission axes might be crossed perpendicularly. 

[0587] The viewing angle of the prepared liquid crystal display was measured by means of a measuring apparatus 
45 (EZ-Contrast 160D, ELDIM) when each of eight tones of black (LI) to white (L8) was displayed. The results are set 
forth In Table 14. 

[Example 41] 

50 [0588] A pair of polarizing plates were removed from a commercially available liquid crystal display (6E-A3, Sharp 
Corporation), which had a liquid crystal cell of TN mode. In place of the removed members, the polarizing plate prepared 
in Example 38 was laminated on each side (each of the backlight side and the observer side) of the cell with an adhesive 
so that the optical compensatory sheet (KH-A3) might be on the liquid crystal cell side. The polarizing plates were 
arranged so that the transmission axes might be crossed perpendiculariy. 

55 [0589] The viewing angle of the prepared liquid crystal display was measured by means of a measuring apparatus 
(EZ-Contrast 160D, ELDIM) when each of eight tones of black (LI) to white (L8) was displayed. The results are set 
forth in Table 14. 
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[0590] The viewing angle of the commercially available liquid crystal display (6E-A3, Sharp Corporation), which has 
a liquid crystal cell of TN mode, was measured by means of a measuring apparatus (EZ-Contrast 1 60D. ELDIM) when 
each of eight tones of black (L1) to white (L8) was displayed. The results are set forth in Table 14. 



TABLE 14 



Viewing angle* 


LCD 


Upward 


Downward 


Lefl-rightward 


Example 39 


70'' 


45° 


160« 


Example 40 


75° 


45** 


160* 


Example 41 


30° 




120'' 


Comp. Ex, 12 


15° 


25° 


37° 



Remark: 

•) Viewing angle: 

Angle range giving a contrast ratio of 10 or more without reversing black tones (between LI and L2). 



[Example 42] 

[0591 ] A pair of polarizing plates were removed from a commercially available liquid crystal display of 20 inches type 
. (LC-20V1, Sharp Corporation), which had a liquid crystal cell of TN mode. In place of the removed members, the 
polarizing plate prepared in Example 36 was laminated on each side (each of the backlight side and the observer side) 
of the cell with an adhesive so that the optical compensatory sheet (KH-Al) might be on the liquid crystal cell side. 
The polarizing plates were arranged so that the transmission axes might be crossed perpendicularly 
[0592] The backlight of the prepared display had been kept on for 5 hours under the conditions of 25°C and 60%RH . 
Afterthat, while ablack image was displayed on the whole screen, it was observed with the eyes In a dark room whether 
light leaked or noL As a result, it was confinned that the display did not leak light. 

[Example 43] 

[0593] The procedure of Example 42 was repeated except that the polarizing plate prepared in Example 37 was 
used, and thereby it was confirmed that the display equipped with the polarizing plate of Example 37 did not leak light. 

[Example 44] 



[0594] The procedure of Example 42 was repeated except that the polarizing plate prepared in Example 38 was 
used, and thereby it was confirmed that the display equipped with the polarizing plate of Example 38 did not leak light. 

[Comparative Example 13] 

[0595] The procedure of Example 42 was repeated except that the polarizing plate prepared in Comparative Example 
1 1 was used, and thereby it was confirmed that the display equipped with the polarizing plate of Comparative Example 
1 1 leaked light at the peripheral area of the screen. 

[Example 45] 



(Preparation of optical compensatory sheet) 

[0596] The following components were placed in a mixing tank, heated and stin-ed to dissoh^e. to prepare a cellulose 
acetate solution. 



Cellulose acetate solution 


Cellulose acetate (acetic acid content: 60.9 %) 
Triphenyl phosphate (plasticizer) 
Biphenyldiphenyl phosphate (plasticizer) 


1 00 weight parts 

7.8 weight parts 

3.9 weight parts 
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(continued) 




Cellulose acetate solution 


Methylene chloride (first solvent) 


300 weight parts 


Methanol (second solvent) 


54 weight parts 


1-Butanol (third solvent) 


11 weight parts 



[0597] In another mixing tank, 1 6 weight parts of the retardation increasing agenl used in Example 1 , 80 weight parts 
of methylene chloride and 20 weight parts of methanol were placed, heated and stirred, to prepare a retardation in- 
creasing agent solution. 

[0598] The cellulose acetate solution (474 weight parts) and the retardation increasing agent solution (25 weight 
parts) were mixed and stirred well to prepare a dope. The prepared dope contained the retardation Increasing agent 
in the amount of 3.5 weight parts based on 100 weight parts of cellulose acetate. 

[0599] The prepared dope was cast on a band by means of a band casting machine. After peeled from the band, 
the film was laterally stretched by 25% at 130°C with a tenter while the solvent remained in the amount of 15 wt.%. 
The film was dried at 50°C for 30 seconds with the width kept with clips, to prepare a cellulose acetate film (optical 
compensatory sheet) having the thickness of 70 {.tm. 

[0600] The Re and Rth retardation values (Re550 and Rth550) of the prepared cellulose acetate film (TAC-1 ) were 
measured at 550 nm by means of an ellipsometer [M-150, JASCO], to find 40 nm and 130 nm, respectively. 

(Saponification treatment) 

[0601] The obtained film (TAC-1 ) was immersed in a 1 .5 N aqueous NaOH solution (pH: 13) for 2 minutes (55''C) to 
saponify, washed with flowing water and dried. 

[0602] The Re retardation value (Re550) of the saponified film was measured, and thereby the Re retardation dif- 
ference (ARe = Re550 of the saponified film - Re550 of the film before saponification) was obtained. Further, the 
concentration of eluted retardation increasing agent was measured to determine the ratio of the eluted amount per the 
original content of the retardation increasing agent. The results are set forth in Table 15. 

[Comparative Example 1 4] 

(Preparation of transparent support) 

[0603] The following components were placed in a mixing tank, heated and stirred to dissolve, to prepare a cellulose 
acetate solution. 



Cellulose acetate solution 


Cellulose acetate (acetic acid content: 60.9 %) 
Triphenyl phosphate (plasticizer) 
Biphenyldiphenyl phosphate (plasticizer) 
Methylene chloride (first solvent) 
Methanol (second solvent) 
1-Butanol (third solvent) 


1 00 weight parts 

7.8 weight parts 

3.9 weight parts 
300 weight parts 

54 weight parts 
1 1 weight parts 



[0604] In another mixing tank, the following components were placed, heated and stirred to prepare to prepare a 
retardation increasing agent solution. 



Components of retardation increasing agent solution 


2-Hydroxy-4-benzyloxybenzophenone 
2,4-benzyloxyben2ophenone 
Methylene chloride 
Methanol 


12 weight parts 
4 weight parts 
80 weight parts 
20 weight parts 



[0605] The cellulose acetate solution (474 weight parts) and the retardation increasing agent solution (22 weight 
parts) were mixed and stirred well to prepare a dope. The prepared dope contained the retardation Increasing agent 
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10 



15 



20 



25 



30 



35 



40 



45 



in the amount of 3 weight parts based on 1 00 weight parts of cellulose acetate. 

[0606] The dope was cast on a daim cooled at 0°C. The formed film was peeled when the solvent content was 70 
wt.%. and both sides of the film was fixed with a pin tenter. While the film was set up so that the stretching ratio might 
be 3% in the lateral direction (direction perpendicular to the machine), the film was dried until the solvent content was 
3 to 5 wt.%. The film was then transferred and dried in a heating apparatus equipped with many rollers. The stretching 
ratio along the tenter was essentially 0% at a temperature higher than 1 20»C. which is the glass transition temperature. 
In order to stretch the film along the machine by 4% when the film was peeled, the stretching ratio in the direction 
perpendicular to the machine (In the lateral direction) was 0.75 times as much as the stretching ratio along the machine 
(in the longitudinal direction). Thus, a cellulose acetate film having 107 ^m thickness is produced. 
[0607] The Re and Rth retardation values (Re550 and Rth550) of the prepared cellulose acetate film (TAC-3) were 
measured at 550 nm by means of an ellipsometer [M-150, JASCO], to find 11 nm and 80 nm. respectively. 

(Saponification treatment) 

[0608] The obtained film (TAC-3) was saponified in the same manner as Example 45. 

[0609] The Re retardation difference (ARe = Re550 of the saponified film - Re550 of the film before saponification) 
and the concentration of eluted retardation increasing agent (ratio of the eluted amount per the original content of the 
retardation increasing agent) were measured. The results are set forth in Table 15. 

TABLE 15 





Film 


ARe 


Eluted Rl agenr 


Example 45 
Comp. Ex. 14 


TAC-1 
TAC-3 


-2 nm 
-4 nm 


0.1 % 
0.7 % 



55 



Remark; 
•) Eluted Rl agent: 

Ratio of the eluted amount per the original content of the retardation increasing agent 

[Example 46] 

(Preparation of polarizing plate) 

[0610] Iodine was adsorbed on a stretched polyvinyl alcohol film to prepare a polarizing membrane. The saponified 
optical compensatory sheet (TAC-I) prepared in Example 45 was then laminated on one surface of the polarizing 
membrane with a polyvinyl alcohol adhesive so that the longitudinal direction of TAC-1 might be parallel to that of the 
polarizing membrane and so that the average direction of the slow axis of TAC-1 might be parallel to the transmission 
axis of the polarizing membrane. 

[0611] On the other surface of the membrane, a commercially available cellulose triacetate film [Fujitac TD80UF, 
Fuji Photo Film Co., Ltd.] was saponified and laminated with a polyvinyl alcohol adhesive. Thus, a polarizing plate was 
prepared. 

[Comparative Example 1 5] 
(Preparation of polarizing plate) 

[061 2] The procedure of Example 46 was repeated except that the not saponified optical compensatory sheet (TAC- 
1) prepared in Example 45 was used, to prepare a polarizing plate. 

(Durability test of polarizing plate) 

[061 3] Each of the polarizing plates prepared in Example 46 and Comparative Example 1 5 was laminated on a glass 
plate with an acrylic adhesive, aged under the conditions of high temperature and elevated pressure and left in a 
thermostat at 90°C for 1 .000 hours. The thus-treated plate was observed with the eyes to check whether the cellulose 
acetate film (optical compensatory sheet) was separated from the polarizing membrane or not. and whether bubbles 
were seen or not. The results are set forth in Table 1 6. 
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TABLE 16 







Separation*^ 


Bubbles*2 


5 


Example 46 


Not separated 


Not seen 




Comp. Ex. 15 


Separated 


Seen 



Remark: 

'1 ) Separation or not: 

Whether the cellulose acetate mm (optical compensatory sheet) was separated trom the polarizing membrane or not 
'2) Bubbles: 

Whether bubbles were, seen or not 



15 



20 



25 



30 



35 



40 



50 
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(Viewing angle character of polarizing plate attached on liquid crystal ceil of vertical alignment mode) 

[0614] A pair of polarizing plates and a pair of optical compensatory sheets were removed from a commercially 
available liquid crystal display (VL-1530S, Fujitsu, Ltd.), which has a liquid crystal cell comprising vertically aligned 
liquid crystal molecules, in place of the removed members, the polarizing plate prepared in Example 46 was laminated 
on each side (each of the bacl<light side and the observer side) of the cell with an adhesive, so that the cellulose acetate 
film prepared in Example 45 might be on the liquid crystal cell side. The polarizing plate on the observer side was 
placed so that the transmission axis might be in the up-down direction, while the plate on the backlight side was placed 
so that the transmission axis might be in the left-right direction. Thus, the polarizing plates were arranged in cross-Nicol 
position. 

[0615] The viewing angle character of the obtained liquid crystal display was measured by means of a measuring 
apparatus (EZ-Contrast 1 60D, ELDIM), and thereby it was found that the angle range giving a contrast ratio of 1 0 was 
160^ or more (in up-down direction) or 160" or more (in left-right direction). 

(Viewing angle character of polarizing plate attached on liquid crystal cell of TN mode) 

[0616] A pair of polarizing plates were removed trom a commercially available liquid crystal display (6E-A3, Sharp 
Corporation), which had a liquid crystal cell of TN mode. In place of the removed members, the polarizing plate prepared 
in Example 46 was laminated on each side (each of the backlight side and the observer side) of the cell with an adhesive, 
so that the cellulose acetate film prepared In Example 45 might be on the liquid crystal cell side. The polarizing plate 
. on the observer side was placed so that the transmission axis might be in the up-down direction, while the plate on 
the backlight side was placed so that the transmission axis might be in the left-right direction. Thus, the polarizing 
plates were arranged in cross-Nicol position. 

[0617] The viewing angle character of the obtained liquid crystal display was measured by means of a measuring 
apparatus (EZ-Contrast 160D, ELDIM), and thereby it was found that the angle range giving a contrast ratio of 10 
without tone inversion was 45*' (in up-down direction) or 160" (in left-right direction). 

[Example 47] 

(Preparation of phase retarder) 

[061 8] At room temperature. 1 20 weight parts of cellulose triacetate (average acetic acid content: 59 .2%) , 9.36 weight 
parts of triphenyl phosphate, 4.68 weight parts of biphenyldiphenyl phosphate, 1.50 weight parts of the retardation 
increasing agent used in Example 1, 2.00 weight parts of tribenzylamine. 543.14 weight parts of methylene chloride, 
99.35 weight parts of methanol, and 1 9.87 weight parts of n-butanol were mixed to prepare a solution (dope). 
[061 9] The dope was cast on a band, dried at room temperature for 1 minute, and further dried at 45"C for 5 minutes. 
The formed film, which contained the remaining solvent in the amount of 30 wt.%, was peeled from the band, dried at 
120*^0 for 10 minutes, and stretched at 130°C parallel to the casting directipn while allowed to shrink freely in the 
perpendicular direction. After stretched by 20%, the film was dried at 120"C for 30 minutes and then taken out. The 
obtained film contained the remaining solvent in the amount of 0.1 wt.%. 

[0620] The formed cellulose acetate film (phase retarder) had the thickness of 54 \m, and its retardation values 
Re450, Re550 and Re590 were measured at 450 nm, 550 nm and 590 nm by means of a measuring apparatus (EZ-Con- 
trast 160D, ELDIM) to find 118.3 nm, 137.2 nm and 140.7 nm, respectively Accordingly it was confirmed that the 
cellulose acetate film gave X/4 in a wide wavelength region. Thus, a X/4 plate was obtained. 

[0621] Further, the refractive index was measured by means of an Abbe's refractomeler and also the angular de- 
pendence of retardation was measured at 550 nm, to determine the refractive index (nx) in the direction parallel to the 
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slow axis in the plane, the refractive index (ny) in the direction perpendicular to the slow axis In the plane, and the 
refractive index (nz) in the thickness direction. From the obtained refractive indexes at 550 nm. the value of (nx-nz)/ 
(nx-ny) was calculated to find 1 .58. 

[Example 48] 

(Preparation of retarder) 

[0622J The dope prepared in Example 47 was cast by means of a band casting machine to form a film containing 
the remaining solvent in the amount of 15 wt.%. The film was laterally stretched with a tenter at ^50'C by 45% 
[0623] The stretched cellulose acetate film (phase retarder) had the thickness of 40 ^tm. and its retardation values 
Re450, Re550 and Re590 were measured at 450 nm. 550 nm and 590 nm by means of a measuring apparatus ( E2-Con- 
trast 160D. ELDIM) to find 118.3 nm. 137.2 nm and 140.7 nm. respectively. Accordingly, it was confirmed that the 
cellulose acetate film gave X/4 in a wide wavelength region. Thus, a X/4 plate was obtained. 
[0624] Further, the refractive index was measured by means of an Abbe's refractometer and also the angular de- 
pendence of retardation was measured at 550 nm. to determine the refractive index (nx) in the direction parallel to the 
slow axis in the plane, the refractive index (ny) in the direction perpendicular to the slow axis in the plane and the 
refractive index (nz) in the thickness direction. From the obtained refractive indexes at 550 nm, the value of (nx-nz)/ 
(nx-ny) was calculated to find 1 .70. 

[Example 49] 

(Preparation of phase retarder) 

[0625] At room temperature. 1 20 weight parts of cellulose triacetate (average acetic acid content: 59.0%) 2 0 weight 
parts of the retardation increasing agent used in Example 1. 9.36 weight parts of triphenyl phosphate, 4.68 weight 
parts of biphenyldiphenyl phosphate, 543.14 weight parts of methylene chloride, 99.35 weight parts of methanol and 
1 9.87 weight parts of n-butanol were mixed to prepare a solution (dope). 

[0626] The dope was cast on a band, dried at room temperature for 1 minute, and further dried at 45°C for 5 minutes 
The formed film, which contained the remaining solvent in the amount of 30 wt.%, was peeled from the band, dried at 
1 20°C for 5 minutes, and stretched at 1 30°C at the angle of 45° to the'casting direction by about 50%. After dried at 
130°C for 20 minutes, the film was taken out. The obtained film contained the remaining solvent in the amount of 0 1 

.wt.%. 

[0627] The formed cellulose acetate film (phase retarder) had the thickness of 63 ^m. and Its retardation values 
Re450, Re550 and Re590 were measured at 450 nm. 550 nm and 590 nm by means of a measuring apparatus (E2-Con- 
trast 160D, ELDIM) to find 115.7 nm. 137.4 nm and 141.1 nm. respectively. Accordingly, it was confirmed that the 
cellulose acetate film gave X/4 in a wide wavelength region. Thus, a M plate was obtained. The Rth retardation value 
(Rth) was 137.5 nm. 

[0528] Further, the refractive index was measured by means of an Abbe's refractometer and also the angular de- 
pendence of retardation was measured at 550 nm, to detennine the refractive index (nx) in the direction parallel to the 
slow axis in the plane, the refractive index (ny) in the direction perpendicular to the slow axis in the plane and the 
refractive index (nz) in the thickness direction. From the obtained refractive indexes at 550 nm, the value of (nx-nz)/ 
(nx-ny) was calculated to find 1 .50. 

^3 [Example 50] 

(Preparation of circularly polarizing plate) 
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[0629] The cellulose acetate film prepared in Example 47 and a commercially available polarizing plate (Sunritz Co 
Ltd.) were laminated with an adhesive so that the slow axis of the cellulose acetate film might be at the angle of 45«>' 
to the transmission axis of the polarizing plate, to prepare a circularly polarizing plate. 

[0630] The obtained circularly polarizing plate gave almost complete circulariy polarized light in a wide wavelength 
region (450 to 590 nm). ^ 
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[Example 51] 

(Preparation of polarizing membrane) 



5 [0631] Polyvinyl alcohol (average polymerization degree: 4,000, saponification degree: 99.8 mol.%) was dissolved 
in water to prepare 4.0% aqueous solution. The solution was cast on a band, and dried to form a film. The film was 
then peeled off, stretched In the casing direction, immersed for 1 minute in an aqueous solution containing 0.5 g/l of 
iodine and 50 g/l of potassium iodine (liquid temperature: 30°C), further immersed for 5 minutes in an aqueous solution 
containing 1 00 g/I of boric acid and 60 g/l of potassium iodide (liquid temperature: 70°C), and washed in a water bath 

10 (temperature: 20^0) for 10 seconds. The washed film was dried at SO^'C for 5 minutes to prepare a long polarizing 
membrane (width: 1 ,290 mm, thickness: 20 p.m). • 

(Preparation of circularly polarizing plate) 

15 [0532] The cellulose acetate film prepared in Example 49, the above-prepared polarizing membrane and a commer- 
cially available cellulose triacetate film (Fujitac, Fuji Photo Film Co., Ltd.) were piled up in this order and laminated 
through roll-to-roll, to prepare a circularly polarizing plate. 

[0633] The obtained circularly polarizing plate gave almost complete circularly polarized light In a wide wavelength 
region (450 to 590 nm), 

20 

[Example 52] 



(Preparation of TN-mode liquid crystal display of reflection type) 

[0634] A glass substrate having an ITO transparent electrode and another glass substrate having a finely rugged 
aluminum reflective electrode were prepared. On the electrode of each glass substrate, a polyimide orientation layer 
(SE-7992, Nissan Chemicals Co., Ltd.) was fomned and subjected to rubbing treatment. The substrates were laminated 
so that the polyimide orientation layers might face to each other, and a spacer of 3.4 nm was inserted between the 
substrates. The substrates were placed so that the rubbing directions of the orientation layers might be crossed at the 
angle of 110*». To the gap between the substrates, a liquid crystal compound (MLC-6252, Merck) was injected to form 
a liquid crystal layer. Thus, a liquid crystal cell of TN mode (twisted angle: 70°, And: 269 nm) was produced. 
[0635] The 7J4 plate prepared in Example 47 was laminated with an adhesive on the glass substrate having the ITO 
transparent electrode, and further thereon a polarizing plate (a polarizing membrane laminated with a protective film 
whose surface was subjected to AR treatment) was laminated. 

[0636] To the thus-prepared liquid crystal display of reflection type, voltage of a square wave 1 kHz was applied. The 
display was then observed with eyes, and thereby it was confirmed that an Image of neutral gray was given without 
undesirable coloring in either white mode (1 .5 V) or black mode (4.5 V). 

[0637] The contrast ratio of reflection brightness was measured by means of a meter (EZ-Contrast 160D, ELDIM), 
and thereby it was found that the front contrast ratio was 25 and that the viewing angle giving the contrast ratio of 3 
was not less than 120*^ (up-downward) or not less than 120° (left-rightward). Further, the display was subjected to the 
durability test (temperature: SO^C, relative humidity: 90%) for 500 hours, but even so the displayed image had no defect. 

[Example 53] 



(Preparation of STN-mode liquid crystal display of reflection type) 

[0638] A glass substrate having an ITO transparent electrode and another glass substrate having a smooth aluminum 
reflective electrode were prepared. On the electrode of each glass substrate, a polyimide orientation layer (SE-150, 
Nissan Chemicals Co., Ltd.) was fomned and subjected to rubbing treatment. The substrates were laminated so that 
the polyimide orientation layers might face to each other, and a spacer of 6.0 ^.m was inserted between the substrates. 
The substrates were placed so that the rubbing directions of the orientation layers might be crossed at the angle of 
60°. To the gap between the substrates, a liquid crystal compound (ZLI-2977, Merck) was injected to form a liquid 
crystal layer. Thus, a liquid crystal cell of STN mode (twisted angle: 240°, And: 791 nm) was produced. 
[0639] A commercially available internal diffusing sheet (IDS, Dai Nippon Printing Co., Ltd.) and the circulariy polar- 
izing plate prepared in Example 51 were laminated In this order with an adhesive on the glass substrate having the 
ITO transparent electrode, so the polarizing plate might be the top or bottom. 

[0640] To the thus-prepared-liquid crystal display of reflection type, voltage of a square wave 55 Hz was applied. 
The display was then observed with eyes, and thereby it was confirmed that an image of neutral gray was given without 
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undesirable coloring in either white mode (2.5 V) or black mode (2.0 V). 

[0641] The contrast ratio of reflection brightness was measured by means of a meter (EZ-Contrast 160D, ELDIM), 
and thereby It was found that the front contrast ratio was 8 and that the viewing angle giving the contrast ratio of 3 was 
90** (up-downward) or lOS** (left-rightward). 

[Example 54) 

(Preparation of HAN-mode liquid crystal display of reflection type) 

[0642] A glass substrate having an ITO transparent electrode and another glass substrate having a smooth aluminum 
reflective electrode were prepared. On the ITO transparent electrode, a polyimlde orientation layer (SE-610, Nissan 
Chemicals Co., Ltd.) was fomied and subjected to rubbing treatment. On the aluminum reflective electrode, a vertical 
orientation layer (SE-1211 , Nissan Chemicals Co., Ltd.) was fomied and not subjected to rubbing treatment. The sub- 
strates were laminated so that the orientation layers might face to each other, and a spacer of 4.0 p.m was inserted 
between the substrates. To the gap between the substrates, a liquid crystal compound (ZLI-1565, Merck) was injected 
to fonm a liquid crystal layer. Thus, a liquid crystal cell of HAN mode (And: 519 nm) was produced. 
[0643] The A/4 plate prepared in Example 47 was laminated with an adhesive on the glass substrate having the ITO 
transparent electrode, and further thereon a commercially available polarizing plate (NPF-G1225DU, Nltto Denko K. 
K.) was laminated. Furthermore, thereon a light-diffusing membrane (Lumisty, Sumitomo Chemical Co., Ltd.) was lam- 
inated. 

[0644] To the thus-prepared liquid crystal display of reflection type, voltage of a square wave 55 Hz was applied. 
The display was then observed with eyes, and thereby it was confirmed that an image of neutral gray was given without 
undesirable coloring in either white mode (2.0 V) or black mode (0.8 V). 

[0645] The contrast ratio of reflection brightness was measured by means of a meter (EZ-Contrast 160D, ELDIM), 
and thereby it was found that the front contrast ratio was 8 and that the viewing angle giving the contrast ratio of 3 was 
not less than 120° (up-downward) or not less than 120° (left-rightward). 

[Example 55] 

(Preparation of liquid crystal display of G/H type) 

[0646] On a glass substrate having an ITO transparent electrode, a polymer for fomning a vertical orientation layer 
(LQ-1800, Hitachl-Du Pont Microsystems Co., Ltd.) was applied, dried and subjected to rubbing treatment. 
[0647] The UA plate prepared in Example 48 was laminated with an adhesive on an aluminum-deposited glass 
substrate (reflection board). On the plate, a SIO layer was formed with sputtering, and further thereon an ITO 
transparent electrode was provided. Furthennore, thereon a solution of the polymer for forming a vertical orientation 
layer (LQ-1800. Hitachi-Du Pont Microsystems Co., Ltd.) was applied, dried and subjected to rubbing treatment at the 
angle of 45Mo the slow axis of the V4 plate. 

[0648] The above-prepared two substrates were laminated so that the orientation layers might face to each other 
and so that the rubbing direction of the orientation layers might be anti-parallel, and a spacer of 7.6 p.m was Inserted 
between the substrates. To the gap between the substrates, a mixture consisting of 2.0 wt.% of dichromatic dye (NKX- 
1366, Japan Photosensitive Dyes Co., Ltd.) and 98.0 wt.% of liquid crystal compound (ZLl-2806, Merck) was injected 
according to the vacuum Injection method, to fomi a liquid crystal layer. 

[0649] Voltage of a square wave 1 kHz was applied between the ITO electrodes in the thus-prepared guest-host 
type liquid crystal display of reflection type. The transmittances in white mode (1 V) or black mode (1 0 V) were measured 
to find 65% and 6%, respectively. Accordingly, the ratio of transmittances (contrast ratio) between the Image In white 
mode (1 V) and that in black mode (10 V) was 11:1. The viewing angle giving the contrast ratio of 2:1 was measured 
to find 120* or more in both directions of up-down and left-right. The transmittances were also measured while the 
voltage was changed, and thereby It was conflnned that hysteresis did not appear in the transmittance-voltage curve. 

[Comparative Example 16] 

(Preparation of XIA plate) 

[0650] PolycartDonate (weight average molecular weight: 100,000) was dissolved in methylene chloride to prepare 
a 1 7 wt.% solution. The solution was cast on a glass plate to form a film (dry thickness: 80 ^im), dried at room temperature 
for 30 minutes, and further dried at 70°C for 30 minutes. The formed polycariaonate film (evaporated amount: about 1 
wt.%) was peeled from the glass plate, and cut into pieces (size: 5 cm x 10 cm). One of the pieces was uniaxially 
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stretched at 158°C to prepare a stretched birefringent polycarbonate film. 

[0651] The retardation values Re450, Re550 and Re590 of the formed polycarbonate film (A/4 plate) were rheasured 
at 450 nm, 550 nm and 590 nm by means of an ellipsometer [M-150, JASCO], to find 147.8 nm, 137.5 nm and 134.9 
nm, respectively. 

5 

(Preparation of Xy2 plate) 

[0652] The above procedure was repeated except that the film was made to have the dry thickness of 100 |im, to 
prepare a 112 plate. 

^0 [0653] The retardation values Re450, Re550 and Re590 of the formed polycarbonate film (A/2 plate) were measured 
at 450 nm, 550 nm and 590 nm by means of an ellipsometer [M-150, JASCO], to find 295.0 nm, 275.0 nm and 269,8 
nm, respectively. 

(Preparation of TN-mode liquid crystal display of reflection type) 

75 

[0654] The above Ay4 plate, the above A/2 plate and a polarizing plate (a polarizing membrane laminated with a 
protective film whose surface was subjected to AR treatment) were laminated in this order with an adhesive on the 
glass substrate with an ITO transparent electrode In the liquid crystal cell of TN-mode prepared in Example 52. They 
were placed so that the slow axis of the polarizing plate might be at the angle of 20° to the slow axis of the A/2 plate, 
20 and so that the slow axis of the A/2 plate might be at the angle of 55° to the slow axis of the A/4 plate. 

[0655] To the thus-prepared liquid crystal display of reflection type, voltage of a square wave 1 kHz was applied. The 
display was then observed with eyes, and thereby It was confirmed that the displayed image was slightly yellowed in 
white mode (1 .5 V) and slightly blued in black mode (4.5 V). 

[0656] The contrast ratio of reflection brightness was measured by means of a meter (EZ-Contrast 160D, ELDIM), 
25 and thereby it was found that the front contrast ratio was 1 0 and that the viewing angle giving the contrast ratio of 3 
was 100° (up-downward) or 80° (left-rightward). Further, the display was subjected to the durability test (temperature: 
60°C, relative humidity: 90%RH) for 500 hours, and as a result it was observed that the thus treated display gave a 
displayed image framed with leaked light. 

30 [Example 56] 

(Preparation of cellulose acetate film SE5) 

[0657] At room temperature, 45 weight parts of cellulose triacetate (average acetic acid content: 60.9%), 3.12 weight 
35 parts of the following retardation increasing agent (4). 232.7 weight parts of methylene chloride, 42.57 weight parts of 
methanol, and 8.50 weight parts of n-butanol were mixed to prepare a solution (dope). 

Retardation increasing agent (4) 

40 [0658] 



HO. 



45 




[0659] The obtained dope was cast by means of a band casting machine (effective length: 6 m), and dried to form 
a film SE5 (dry thickness: 60 \ixx\). 

[0660] The retardation values Re550 and Rth550 of the formed cellulose acetate film SE5 were measured at 550 
nm by means of an ellipsometer [M-150, JASCO], to;firid 5 nm and 120 nm, respectively 

[0661] A gelatin undercoating layer of 0.1 jim thickness was formed on the cellulose acetate film SE5, and thereon 
the coating solution for orientation layer used in Example 2 was applied in the amount of 28 ml/m^ by means of a wire 
bar coater of #1 6. The applied solution was dried with hot air at 6D**C for 60 seconds, and then further dried with hot 
air at 90°C for 150 seconds. 

[0662] The fomried layer was subjected to rubbing treatment in which the rubbing direction was at the angle of 45'* 
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to the slow axis (measured at 632.8 nm) of the cellulose acetate film SE5. 

[0663] Independently. 4 1 .01 g of the discotic (liquid crystal) compound used in Example 2. 4.06 g of trimethylolpro- 
pane tnacrylate denatured with ethylene oxide (V#360, Osaka Organic Chemicals Co. , Ltd.), 0.90 g of cellulose acetate 
butyrate (CAB-551-0.2, Eastman Chemical), 0.23 g of cellulose acetate butyrate (CAB-531-1. Eastman Chemical) 
1 .35 g of a photopolymerization initiator (Irgacure 907. Ciba-Geigy) and 0.45 g of a sensitizer (Kayacure DETX Nippon 
Kayaku Co., Ltd.) were dissolved in 1 02 g of methyl ethyl ketone. The coating solution was then applied on the above- 
formed onentation layer by means of a wire bar coater of #3. The thus-treated film was fixed on a metal frame and 
heated in a themiostat at ISO-C for 2 minutes to align the molecules of the discotic compound. The film was 'then 
irradiated at 130°C for 4 seconds with ultraviolet rays emitted from a high pressure mercury lamp of 120 W/cm to 
polymenze the discotic compound. The film was cooled to room temperature. Thus, an optically anisotropic layer'lE 
was formed. 

[0664] The Re retardation value (Re550) of the optically anisotropic layer 1 E was measured at 550 nm and found 
40 nm. The average angle (inclined angle) between the disc plane and the cellulose acetate film SE was 42°. 

(Preparation of ellipticalty polarizing plate E) 

[0665] The prepared cellulose acetate film SE5 was saponified in an alkali bath, and was laminated with an adhesive 
on a polarizing membrane of polyvinyl ateohol and Iodine, to prepare a polarizing plate. Further, the polarizing plate 
and the cellulose acetate film having the optically anisotropic layer 1 E was laminated so that the SE5 face of the plate 
and the cellulose acetate face (back face of the anisotropic layer 1 E) might be in contact. The transmission axis of the 
polanzing membrane was placed perpendlculariy to the slow axis of the cellulose acetate film with the anisotropic layer 
1 E (perpendicularly to the slow axis of the film SE5). 

[Example 57] 

(Preparation of cellulose acetate film SE6) 

[0666] At room temperature. 45 weight parts of cellulose triacetate (average acetic acid content: 60 9%) 3 62 weight 
parts of the following retardation increasing agent (1 ), 232.72 weight parts of methylene chloride 42 57 weight parts 
of methanol, and 8.50 weight parts of n-butanol were mixed to prepare a solution (dope). 

Retardation increasing agent (1) 

[0667] 




[0668] The obtained dope was cast by means of a band casting machine (effective length: 6 m). and stretched with 
a tenter to fomi a film SE6 (dry thickness: 40 pm). 

[0669] The retardation values Re550 and Rth550 of the fonmed cellulose acetate film SE6 were measured at 550 
nm by means of an elllpsometer [M-150, JASCO], to find 18 nm and 100 nm, respectively 

[0670] The surface of the obtained film SE6 was saponified with a 2 N aqueous NaOH solution, and washed with 
water. The contact angle of the saponified surface with pure water was 30°. 

[0671] On the saponified surface, the coating solution for orientation layer used in Example 2 was applied in the 
amount of 28 ml/mZ by means of a wire bar coater of #1 6. The applied solution was dried with hot air at 60°C tor 60 
seconds, and then further dried with hot air at 90°C for 1 50 seconds. 

[0672] The formed layer was subjected to rubbing treatment in which the rubbing direction was at the angle of 45° 
to the slow axis (measured at 632.8 nm) of the cellulose acetate film SE6. 

[0673] Independently, 41 .01 g of the discotic (liquid crystal) compound used in Example 2. 4.06 g of trimethylolpro- 
pane tnacrylate denatured with ethylene oxide (V#360. Osaka Organic Chemicals Co., Ltd.), 0.90 g of cellulose acetate 
butyrate (CAB-551-0.2, Eastman Chemical), 0.23 g of cellulose acetate butyrate (CAB-531-1. Eastman Chemcal) 
1 .35 g of a photopolymerization initiator (Irgacure 907, Ciba-Geigy) and 0.45 g of a sensitizer (Kayacure DETX Nippon 
Kayaku Co., Ltd.) were dissolved in 1 02 g of methyl ethyl ketone. The coating solution was then applied on the above- 
formed onentation layer by means of a wire bar coater of #3. The thus-treated film was fixed on a metal frame and 
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heated In a thermostat at 130«C for 2 minutes to align the molecules of the discotic compound.. The film was then 
irradiated at ^30°C for 4 seconds with ultraviolet rays emitted from a high pressure mercury lamp of 120 W/cm, to 
polymerize the discotic compound. The film was cooled to room temperature. Thus, an optically anisotropic layer 1F 
was formed. 

5 [0674] The Re retardation value (Re550) of the optically anisotropic layer I F was measured at 550 nm, and found 
40 nm. The average angle (inclined angle) between the disc plane and the cellulose acetate film SE was 42*. 

(Preparation of elliptically polarizing plate F) 

10 [0675] The prepared cellulose acetate film SE6 was saponified in an alkali bath, and was laminated with an adhesive 
on a polarizing membrane of polyvinyl alcohol and iodine, to prepare a polarizing plate. Further, the polarizing plate 
and the cellulose acetate film having the optically anisotropic layer 1 F was laminated so that the SE6 face of the plate 
and the cellulose acetate face might be in contact. The transmission axis of the polarizing membrane was placed 
parallel to the slow axis of the cellulose acetate film with the anisotropic layer 1 F (parallel to the slow axis of the film S E6). 

15 

[Comparative Example 1 7] 

(Preparation of cellulose acetate film SE7) 

20 [0676] On a commercially available cellulose triacetate film (Fujitac TD80UF, Fuji Photo Film Co., Ltd.) having 100 
nm thickness, a gelatin undercoating layer of 0.1 ^m thickness was provided to prepare a cellulose acetate film SE7. 
[0677] The retardation values (Re550 and Rth550) were measured at 550 nm to find 0.6 nm and 35 nm, respectively 
[0678] On the gelatin undercoating layer of SE7, the coating solution for orientation layer used In Example 2 was 
applied in the amount of 28 ml/m^ by means of a wire bar coater of #16. The applied solution was dried with hot air at 

• 25 60°C for 60 seconds, and then further dried with hot air at QO'^C for 150 seconds. 

[0679] The formed layer was subjected to rubbing treatment in which the rubbing direction was at the angle of 45** 
to the slow axis (measured at 632.8 nm) of the cellulose acetate film. 

[0680] Independently 41 .01 g of the discotic (liquid crystal) compound used in Example 2, 4.06 g of trimethylolpro- 
pane triacrylate denatured with ethylene oxide (V#360, Osaka Organic Chemicals Co., Ltd.), 0.90 g of cellulose acetate 

30 butyrate (CAB-551-0.2. Eastman Chemical), 0.23 g of cellulose acetate butyrate (CAB-531-1, Eastman Chemical), 
1 .35 g of a photopolymerization initiator (Irgacure 907, Ciba-Geigy) and 0.45 g of a sensitizer (Kayacure DETX, Nippon 
Kayaku Co., Ltd.) were dissolved in 1 02 g of methyl ethyl ketone. The coating solution was then applied on the above- 
formed orientation layer by means of a wire bar coater of #3. The thus-treated film was fixed on a metal frame, and 
heated in a thermostat at 130°C for 2 minutes to align the molecules of the discotic compound. The film was then 

35 Irradiated at ISO'-C for 1 minute with ultraviolet rays emitted from a high pressure mercury lamp of 120 W/cm, to 
polymerize the discotic compound. The film was cooled to roorin temperature. Thus, an optically anisotropic layer 1G 
was formed. 

[0681] The Re retardation value (Re550) of the optically anisotropic layer 1G was measured at 550 nm, and found 
40 nm. The average angle (inclined angle) between the disc plane and the cellulose acetate filnri SE7 was 42°. 
40 [0682] Resin of 2,2'-bis(4-hydroxyphenyl)propane polycarbonate (viscosity average molecular weight: 28,000) was 
dissolved in dichloromethane to prepare 18 wt.% solution. The solution was defoamed in vacuo to prepare a dope. 
The dope was cast on a band, and dried at 50*^0 for 10 minutes, and the formed film was peeled and further dried at 
1 0O'^C for 10 minutes. The film was then longitudinally stretched at 170°C by 3.3 %, and laterally stretched by 4.7 % 
to obtain a biaxially stretched film of 80 p.m thickness in the form of roll. The longitudinal stretching was controlled with 
a pair of checking rollers differentially rotating, and the lateral stretching was controlled with width of the tenter. 
[0683] The retardation values (Re550 and Rth550) were measured at 550 nm to find 4 nm and 205 nm, respectively. 

(Preparation of elliptically polarizing plate G) 

50 [0684] The prepared polycarbonate film was laminated with an adhesive on a polarizing membrane of polyvinyl 
alcohol and iodine, to prepare a polarizing plate. Further, the polarizing plate and the cellulose acetate film having the 
optically anisotropic layer 1G was laminated so that the polycarbonate face of the plate and the cellulose acetate SE7 
face might be in contact, to prepare an elliptically polarizing plate G. The transmission axis of the polarizing membrane 
was placed perpendicularly to the slow axis of the cellulose acetate film with the anisotropic layer 1 G (perpendicularly 

55 to the slow axis of the polycarbonate film). 
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(Optical characters of elliptlcally polarizing plates) 

[0685] The optical characters of the elliptically polarizing plates prepared in Examples 56. 57 and Comparative Ex- 
ample 17 are set forth in Table 17. Hci«ciuve 



TABLE 17 





First optical anisotropic layer 


Second optical anisotropic layer 


Re550*^ 




Re550*"» 


Rth550*2 


Example 56 


40 nm 


42" 


12.0 nm 


250 nm 


Example 57 


40 nm 


420 


.40.0 nm 


210 nm 


Comp. 17 


40 nm 


420 


3.6 nm 


235 nm 



*1) ReSSO: Re netardation value measured at 550 nm 
*2) RthSSO: Rth retardation value measured at 550 ini 
*3) |): Average inclhed angle of disc plane 

[Example 58] 

(Preparation of liquid crystal cell of bend alignment mode) 

[0686] On a glass plate having an ITO electrode, an orientation film of polyimide was provided and subjected to a 
rubbing treatment. This procedure was repeated to prepare two substrates, and the substrates were arranged face- 
to-face so that the rubbing directions might be parallel and that the cell gap might be 6 pm. Between them a liquid 

P^^687] While votege (5 or 5.5 V) of a square wave 55 Hz was applied to the prepared liquid crystal cell of bend 
alignment mode, the Re retardation values were measured at 436 nm, 546 nm and 611 .5 nm. 

(Preparation of liquid crystal display) 

[0688] Two elliptically polarizing plates E prepared in Example 56 were laminated on the prepared liquid crystal cell 
of bend alignment mode so that the cell might be between the plates. The plates were arranged so that the optically 
anisotropiclayer in each plate might face to the cell substrate and so that the rubbing directions of the cell and the 
optically anisotropic layer might be anti-parallel. 

[Example 59] 

(Preparation of liquid crystal display) 

[0689] Two elliptically polareing plates F prepared in Example 57 were laminated on the liquid crystal cell of bend 

thTthf T ,f "'^■^T'^ .^'^'"'"^ '° ^^^^ '"'9''' ^^^^ P'al«s. The plates were arranged so 

that the optically anisotropic layer in each plate might face to the cell substrate and so that the rubbing directions of 
the cell and the optically anisotropic layer might be anti-parallel. 

[Comparative Example 18] 

(Preparation of liquid crystal display) 

£h^'?k P°'ariz'"g P'ates G prepared in Comparative Example 1 7 were laminated on the liquid crystal 

Sinoed'solTr"' Tu ''"^^f ^''""f"" '° '"'S^' ^« P'^^^s. The plates were 

a^anged so that the optically anisotropic layer in each plate might face to the cell substrate and so that fte rubbing 
directions of the cell and the optically anisotropic layer might be anti-parallel. 

(Evaluation of liquid crystal display) 

(0691] Vottage of a square wave 55 Hz was applied to the liquid crystal cell of each of the liquid crystal displays 
prepared in Examples 58. 59 andComparativeExampleia. An image was displayed accordingtonom,allywhitelde 
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(white: 2V. black: 5V). The viewing angle giving the contrast ratio (transmittance ratio of white display/black display) 
of 1 0 was measured in both up-dovyn and left-right directions. 

[0692] Further, after the backlight was kept on for 2 hours, a black Innage was displayed and its image quality was 
observed. 



TABLE 18 





Viewing angle 


Image quality 


Up 


Down 


Left 


Right 


Example 58 


80" 


73" 


59" 


57" 


Good 


Example 59 


80O 


75" 


78° 


78" 


Good 


Comp. Ex. 18 


80** 


58" 


56" 


55" 


Light leaked* 



Remark; 

*) Light leaked: 

It was observed that transmittance Increased at the four corners of the screen to leak light. 



Claims 

20 1, An optical compensatory sheet comprising a cellulose acetate film which contains 100 weight parts of cellulose 
acetate having an acetic acid content of 59.0 to 61.5%, and 0.01 to 20 weight parts of an aromatic compound 
having at least two aromatic rings, wherein the cellulose acetate film has an Re retardation value measured at 550 
nm (Re550) in the range of 0 to 200 nm, an Rth retardation value measured at 550 nm (RthSSO) in the range of 
70 to 400 nm, and a thickness In the range of 1 0 to 70 ^m. 

25 

2. The optical compensatory sheet as defined In claim 1 , wherein the Re550 value Is In the range of 20 to 70 nm. 

3. The optical compensatory sheet as defined in claim 1 , wherein the cellulose acetate film has an Re retardation 
value measured at 450 nm (Re450) in the range of 100 to 125 nm and an Re retardation value measured at 590 

30 nm (Re590) in the range of 120 to 160 nm, said Re450 and Re590 values satisfying the condition of Re590-Re450 

> 2 nm. 

4. The optical compensatory sheet as defined in claim 1 , wherein the cellulose acetate film is subjected to a sapon- 
ification treatment, and the saponification treatment changes the Re550 value by 3 nm or less. 

35 

5. The optical compensatory sheet as defined In claim 1 , wherein the cellulose acetate film has at least one surface 
having a surface energy of 55 to 75 mN/m. 

6. The optical compensatory sheet as defined in claim 1 , wherein the cellulose acetate film has at least one surface 
40 subjected to a corona discharge treatment at a discharge frequency of 50 Hz to 5i000 kHz. 

7. The optical compensatory sheet as defined in claim 1 , wherein the cellulose acetate film has at least one surface 
saponified with an alkaline solution of a concentration in the range of 0.1 to 3.0 N. 

43 8. The optical compensatory sheet as defined in claim 1 , wherein the cellulose acetate film is subjected to a stretching 
treatment. 

9. The optical compensatory sheet as defined in claim 8, wherein the stretching treatment Is conducted at a stretching 
ratio in the range of 3 to 1 00%. 

50 

10. The optical compensatory sheet as defined in claim 8, wherein the cellulose acetate film is biaxially stretched. 

11. The optical compensatory sheet as defined In claim 1, wherein the Re550 value Is in the range of 0 to 20 nm. 

55 12. The optical compensatory sheet as defined In claim 11, wherein an optically anisotropic layer is formed from a 
liquid crystal compound on the cellulose acetate film. 

13. The optical compensatory sheet as defined in claim 1 2, wherein the liquid crystal compound is a discotic compound. 
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14. The optical compensatory sheet as defined In claim 1 . wherein the aromatic compound has at least one 1 ,3,5-trl- 
azine ring. 

15. A polarizing plate which comprises a pair of transparent protective films and a polarizing membrane provided 
5 between the films, one of said transparent protective films comprising a cellulose acetate film which contains 1 00 

weight parts of cellulose acetate having an acetic acid content of 59.0 to 61 .5% and 0.01 to 20 weight parts of an 
aromatic compound having at least two aromatic rings, wherein the cellulose acetate film has an Re retardation 
value measured at 550 nm (ReSSO) in the range of 0 to 200 nm, an Rth retardation value measured at 550 nm 
(Rth550) in the range of 70 to 400 nm, and a thicl<ness in the range of 1 0 to 70 jim. 

10 

16. A liquid crystal display comprising a pair of polarizing plates and a liquid crystal cell provided between the plates, 
wherein each of the polarizing plates comprises a pair of transparent protective films and a polarizing membrane 
provided between the films, at least one of said transparent protective films placed between the cell and the mem- 
branes comprising a cellulose acetate film which contains 100 weight parts of cellulose acetate having an acetic 

'5 acid content of 59.0 to 61 .5% and 0.01 to 20 weight parts of an aromatic compound having at least two aromatic 

rings, wherein the cellulose acetate film has an Re retardation value measured at 550 nm (Re550) in the range of 
0 to 200 nm, an Rth retardation value measured at 550 nm (Rth550) In the range of 70 to 400 nm, and a thickness 
in the range of 10 to 70 pm. 

?o 17. The liquid crystal display as defined in claim 16, wherein the liquid crystal cell works according to TN mode, VA 
mode, MVA mode, n-ASM mode or OCB mode. 

18. A circulariy polarizing plate which comprises an optical compensatory sheet and a linearly polarizing membrane, 
said compensatory sheet and said linearly polarizing membrane being so arranged that a slow axis in plane of the 
compensatory sheet is oriented essentially at an angle of 45*' to a transmission axis of the linearly polarizing plate, 
said optical compensatory sheet comprising a cellulose acetate film which contains 100 weight parts of cellulose 
acetate having an acetic acid content of 59.0 to 61 .5% and 0.01 to 20 weight parts of an aromatic compound having 
at least two aromatic rings, wherein the cellulose acetate film has an Re retardation value measured at 550 nm 
(Re550) in the range of 0 to 200 nm, an Rth retardation value measured at 550 nm (Rth550) in the range of 70 to 
400 nm, a thickness in the range of 10 to 70 arm, an Re retardation value measured at 450 nm (Re450) in the 
range of 100 to 125 nm, and an Re retardation value measured at 590 nm (Re590) In the range of 120 to 160 nm, 
said Re450 and Re590 values satisfying the condition of Re590-Re450 ^ 2 nm. 

19. A liquid crystal display of a reflection type comprising a reflection board, a liquid crystal cell and a polarizing mem- 
brane In this order, and a cellulose acetate film being provided between said reflection board and said polarizing 
membrane, wherein the cellulose acetate film contains 100 weight parts of cellulose acetate having an acetic acid 
content of 59.0 to 61 .5% and 0.01 to 20 weight parts of an aromatic compound having at least two aromatic rings, 
said cellulose acetate film having an Re retardation value measured at 550 nm (Re550) in the range of 0 to 200 
nm, an Rth retardation value measured at 550 nm (Rth550) In the range of 70 to 400 nm, a thickness in the range 
of 10 to 70 fim, an Re retardation value measured at 450 nm (Re450) in the range of 100 to 125 nm, and an Re 
retardation value measured at 590 nm (Re590) in the range of 120 to 160 nm, said Re450 and Re590 values 
satisfying the condition of Re590-Re450 > 2 nm. 

20. A liquid crystal display comprising a pair of polarizing plates and a liquid crystal cell of bend alignment mode 
provided between the plates, wherein at least one polarizing plate is an elliptically polarizing plate which comprises 
a first optically anisotropic layer comprising discotic molecules oriented in hybrid alignment, a second optically 
anisotropic layer comprising at least one cellulose acetate film, and a polarizing membrane, said polarizing mem- 
brane being arranged as an outermost layer, said first and second optically anisotropic layers and said polarizing 
membrane being so arranged that a direction giving the maximum refractive index in plane of the first optically 
anisotropic layer Is oriented essentially at an angle of 45° to a transmission axis in plane of the polarizing membrane 
and that a direction giving the maximum refractive index in plane of the second optically anisotropic layer is directed 
essentially parallel or perpendicular to a transmission axis in plane of the polarizing membrane, wherein the cel- 
lulose acetate film of the second optically anisotropic layer contains 100 weight parts of cellulose acetate having 
an acetic acid content of 59.0 to 61 .5% and 0.01 to 20 weight parts of an aromatic compound having at least two 
aromatic rings, said cellulose acetate film having an Re retardation value measured at 550 nm (Re550) in the 
range of 1 to 20 nm, an Rth retardation value measured at 550 nm (RthSSO) in the range of 150 to 300 nm, and a 
thickness in the range of 1 0 to 70 ^m. 
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21. A liquid crystal display comprising a pair of polarizing plates and a liquid crystal cell of bend alignment mode 
provided between the plates, wherein at least one polarizing plate is an elliptically polarizing plate which comprises 
a first optically anisotropic layer comprising discotic molecules oriented in hybrid alignment, a second optically 
anisotropic layer comprising at least one cellulose acetate film, and a polarizing membrane, said polarizing mem- 

5 brane being arranged as an outermost layer, said first and second optically anisotropic layers and said polarizing 

membrane being so arranged that a direction giving the maximum refractive index In plane of the first optically 
anisotropic layer is oriented essentially at an angle of 45" to a transmission axis in plane of the polarizing membrane 
and that a direction giving the maximum refractive index in plane of the second optically anisotropic layer is directed 
essentially parallel to a transmission axis in plane of the polarizing membrane, wherein the cellulose acetate film 

10 of the second optically anisotropic layer contains 1 00 weight parts of cellulose acetate having an acetic acid content 

of 59.0 to 61 .5% and 0.01 to 20 weight parts of an aromatic compound having at least two aromatic rings, said 
cellulose acetate film having an Re retardation value measured at 550 nm (Re550) in the range of 20 to 1 00 nm, 
an Rth retardation value measured at 550 nm (Rth550) in the range of 1 50 to 300 nm, and a thickness in the range 
of 10 to 70 ^m. 
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FIG. 4 
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